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A Remarkable Textbook 


Barber’s First Course in 
General Science 


By Freperick D. Barser, Professor of Physics in the Illinois State Nor- 
mal University, Merton L. Fourier, Lecturer on Meteorology in the 
Bradley Polytechnic Institute, Joun L. Pricer, Professor of Biology in 
the Illinois State Normal University, and Howarp W. Apams, Professor 
of Chemistry in the same. vii+588 pp. of text. 12mo. $1.25. 





A recent notable endorsement of this book occurred in Minneapolis. A Committee 
on General Science, representing each High School in the city, was asked to outline al 
course in Science for first year High School. After making the outline they considered 
the textbook situation. In this regard, the Committee reports as follows: 

‘* We feel that, in Science, a book for first year High School use should be simple in 
language, should begin without presupposing too much knowledge on the part of the 
student, should havean abundance of good pictures and pler.’~ of material to choose from. 

Barber’s First Course in General Science seems to us to bes. meet these requirementsiy 
and in addition it suggests materials for home experiments requiring no unusual! appara- 
tus, and requires no scientific measurements during the course. We recommend its 


adoption.’’ 
Other Interesting Opinions on the Book Follow: 


ScHooL SCIENCE AND MATHEMATICS:—It is one of the very best books on general science that have 
ever been published. The biological as well as the physical side of the subject is treated with great fairness. 
There is more material in the text than can be well used in one year’s work on the subject. Thisis, however, 
a good fault, as it gives the instructor a wide range of subjects. The book is written in a style which will 
at once command not only the attention of the teacher, but that of the pupil! as well. It is interesting from 
cover tocover. Many new and ingenious features are presented. The drawings and halftones have been 
selected for the purpose of illustrating points in the text, as well as for the purpose of attracting the pupil 
and holding his attention. There are 375 of these illustrations. There is no end to the good things which 
might be said concerning this volume, and the advice of the writer to any school board about to adopta 
text in general science is to become thoroughly familiar with this book before making a final decision. 


WALTER Barr, Keokuk, Iowa:—Today when I showed Barber’s Science to the manager and depart- 
ment heads of the Mississippi River Power Co., including probably the best engineers of America possible 
to assemble accidentally as a group, the exclamation around the table was: ‘‘If we only could have bad s 
book like this when we were in school.’’ Something similar in my own mind caused me to determine to 
give the book to my own son altho he is in only the eighth grade. 


G. M. Witson, Jowa State College:—I have not been particularly favorable to the general science idea, but 
Iam satisfied now that this was due to the kind of texts which came to my attention and the way 't 
happened to be handled in places where I had knowledge of its teaching. I am satisfied that Professor 
Barber, in this volume, has the work started on the right idea. It is meant to be useful, practical material 
closely connected with explanation of every day affairs. It seems to me an unusual contribution along thie 
line. It will mean, of course, that others will follow, and that we may hope to have general science work 
put on such a practical basis that it will win a permanent place in the schools. 
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MODERN NATURAL HISTORY MUSEUMS AND 
THEIR RELATION TO PUBLIC EDUCATION 


By Dr. BARTON WARREN EVERMANN 


DIRECTOR OF THE MUSEUM OF THE CALIFORNIA ACADEMY OF SCIENCES 


WISH to make a plea in behalf of the educational value of 
natural history museums. The place of the museum in 
public education is not even yet fully appreciated, either in this 
country or in Europe, by the general public or even by the 
most intelligent classes. A striking illustration of this fact is 
found in the recent proposed action of the British government 
to close all museums and art galleries. The Retrenchment Com- 
mittee of the House of Commons, in order that the resources of 
the country might not be used except for the really essential 
things in this distressing time of war, recommended the closing 
of all the national museums in London, except the reading room 
at the British Museum, parts of the National Gallery, and the 
Victoria and Albert Museum. The proposed action was justi- 
fied on the ground that a saving of 5,000 pounds could be made, 
that the museum employees would then be available for war 
service, and that museums are, primarily, merely “places of 
pleasant resort,” anyhow! Such a strong protest was made, 
however, that the order was materially modified. 

Museums had their origin in the effort to preserve and care 
for the rare and curious objects which travelers brought home 
from distant lands. Collecting rare and strange objects was 
first raised to the dignity of a fine art in Italy. The Medici at 
Florence and the Estes at Modena were the first; they set the 
example which in time spread throughout Europe. 

But the collectors of those days were rarely imbued with the 
scientific spirit; their motives were largely selfish. They were 
usually wealthy and cultivated amateurs who assembled and 
maintained collections for their own pleasure and glorification. 
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MODERN NATURAL HISTORY MUSEUMS 


It was not until 1753 when the British Museum was estab- 
lished at Bloomsbury and the collections of Sir Hans Sloane 
acquired, that the idea of a public museum emerged. It was 
then realized, apparently for the first time, that a museum, to 
advance art and scientific knowledge, must be liberally endowed, 
or else fostered by the state. But the founding and development 
of museums up to recent times need not detain us. With 
the founding of the British Museum in 1753 and the National 
Museum at Washington nearly a century later, the idea of the 
public museum may be said to have become firmly established. 

In discussing the development of the United States National 
Museum Dr. G. Brown Goode considered the history of that 
institution as falling into three periods: 

First, the period from the founding of the Smithsonian In- 
stitution to 1857, during which time specimens were collected 
solely to serve as materials for research. No special effort was 
made to exhibit them to the public or to utilize them, except as 
a foundation for scientific description and theory. 

Second, the period from 1857 to 1876, during which the 
museum became a place of deposit for scientific collections 
which had already been studied, these collections, so far as con- 
venient, being exhibited to the public and, so far as practicable, 
made to serve an educational purpose. 

Third, the present period (beginning with 1876) in which 
the museum has undertaken more fully the additional task of 
gathering collections and exhibiting them on account of their 
value from an educational standpoint. 

During the first period the main object of the museum was 
scientific research; in the second, the establishment became a 
museum of record as well as research; while in the third period 
has been added the idea of public education. The three ideas— 
record, research and education—cooperative and mutually help- 
ful as they are, are essential to the development of every great 
museum. 

Dr. Goode regarded the National Museum first, as a museum 
of record, in which are preserved the material foundations of an 
enormous amount of scientific knowledge—the types of numer- 
ous past investigations ; second, as a museum of research, which 
aims to make its contents serve in the highest degree as a stim- 
ulus to inquiry and a foundation for scientific investigation ; 
and third, as an educational museum, through its policy of illus- 
trating by specimens every kind of natural object and every 
manifestation of human thought and activity, of displaying 
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MODERN NATURAL HISTORY MUSEUMS 


descriptive labels adapted to the popular mind, and of distribut- 
ing its publications and its named series of duplicates. This 
admirable statement of the scope and objects of the National 
Museum, made by Dr. Goode twenty years ago, still applies in 
its general terms to that institution, and equally well to a num- 
ber of other museums in America. 

The one thing which will most strongly impress any one 
who visits the museums of the east is their activity along edu- 
cational lines, and the ways in which they are endeavoring to 
interest the public, and to be of service to the community. It is 
apparent that the museums of the east are realizing more and 
more that they owe a debt to the public and to those who have 
made their existence possible. Until recently most museums 
have done little or nothing in respect to general education. 

They have been content to be merely vast depositories for collections 
of priceless value, either unseen or gazed upon in mute wonder by thos« 
who visited them. 


In such museums visitors “wander listlessly and aimlessly 
about the halls and galleries, with little appreciation and scarcely 
any understanding of the treasures that surround them.” 

But a great change has come about within the last few 
years. Now, the museum has come to regard itself, and to be 
regarded by the public, as an educational institution, working 
in cooperation with the public and private schools, for the good 
of all the children who can be brought within its influence. It 
is now realized that a public museum, in order to justify its 
existence, must be of real service, not only to investigators, but 
to the general public as well. 

To meet the needs of the investigator, the museum must be 
an institution for research, an institution for the advancement 
of knowledge and its diffusion among,men. A museum fur- 
nishes facilities for research and the acquirement of knowledge 
through, and in proportion to the completeness of, its research 
collections, and the encouragement it gives to field and labora- 
tory investigations. The knowledge acquired by its investiga- 
tors through field and laboratory investigations and studies is 
made known to the world chiefly through the medium of the 
museum’s publications. 

The second function of a public museum—perhaps, I may 
say, the most important function, because it may be regarded 
as including the first—is that of usefulness to the public in an 
educational way. Not until recently has this function been fully 
realized or received attention; but now it is the dominant and 
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MODERN NATURAL HISTORY MUSEUMS 1] 


controlling thought in many of our museums, great and small. 

It is true that most museums, from the very beginning, have 
maintained considerable collections of natural history objects, 
and specimens of other kinds, which the visitor might see; but 
as Director Lucas, of the American Museum of Natural History, 


has so well said, 

The visitor was greeted by row upon row of animals, most literally 

stuffed, arrayed in ranks and accompanied by labels whose principal mis 
sion was to convey to the public what to them is a most unimportant 
matter, the scientific names. 
But this is not our conception of the modern natural history mu- 
seum ; nor is the modern museum merely a “ Haunt of the Muses.” 
Itismorethanthat. It must be not only a place “dedicated to the 
cultivation of learning” and frequented by men and women 
devoted to learning and the improvement of human knowledge, 
but it should be a treasure-house of specimens of the animals, 
plants and other natural objects of the world, and of objects 
illustrative of the activities of the races of men. 

The educational idea has taken firm hold on many of our 
American museums. It is manifesting itself in activities along 
a number of lines, the principal of which are: 

1. The installation of large habitat and ecological groups of 
birds, mammals, etc. 

2. The preparation of portable habitat groups for loan to 
public and private schools. 

3. The maintenance at the museum of courses of lectures on 
natural history, and other subjects adapted to the needs of 
school children of the different grades. 

I can probably best show what this idea is and what a firm 
hold it has by briefly telling how it is worked out in certain of 
our more active institutions. 

Habitat Groups.—Perhaps the greatest advance of recent 
years in making museums really educational is in the matter of 
the installation of exhibits of animals and plants. The improve- 
ment has been chiefly with habitat and ecological groups, in 
giving the animals their natural surroundings, placing them in 
their natural environment. Until recently in most museums 
(and in some even to this day) the exhibition specimens of birds 
and mammals were fastened to a board of some kind and then 
placed in glass cases, usually against the wall, with no accesso- 
ries whatever about them, even to suggest in what sorts of places 
they could be found alive. Now, allthatischanged. The species 
to be shown is shown as a group of individuals—a pair of 
adults (male and female), one or more young, the nest if it be 
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MCDERN NATURAL HISTORY MUSEUMS i) 


a bird, the den in many species if it be a mammal, and the group 
surrounded by the trees and shrubs, annual plants, and other 
objects which together make up a bit of just such landscape as 
you would find the animals in should you seek them alive and 
in their natural habitat. As only a limited amount or number 
of units of the environment can be shown by means of the real 
objects, the setting is made more complete by means of a painted 
background, the real and the painted being so joined as to make 
it difficult, in most cases impossible, to tell where the real ends 
and the painting begins. Along with this improved installation 
of the group, the problem of proper lighting has also been more 
satisfactorily solved, as I shall explain later. Among museums 
which have given special attention to habitat groups I may men- 
tion the American Museum of Natural History in New York, 
the Brooklyn Museum, the Field Museum in Chicago, the Chi- 
cago Academy of Sciences, the Milwaukee Public Museum, and 
the University of lowa. 

Lectures.—A second way in which modern museums are ren- 
dering real service to the community is through the medium of 
public lectures at the museum, on natural history or other 
scientific subjects of popular or general interest. Not only are 
courses of lectures provided for adults, but, of greater impor- 
tance, courses are’ provided to meet the needs of the different 
school grades. The lectures usually relate to subjects for which 
there is found in the museum illustrative material. Instead of 
the children coming to the museum and wandering through the 
halls without any real, definite object in view, they are, through 
observation and explanatory lectures, led to a fuller apprecia- 
tion of the museum exhibits. 

A definite plan of cooperation with the public schools is, of 
course, necessary. The lectures are upon subjects that form a 
regular part of the school curriculum.* They are adapted to the 
needs and understanding of the children of the different grades 
and the courses are maintained throughout the school year. On 
one day the lecture will be given to, say, fourth-grade pupils; on 
other days to other grades. The lecturer may give the same 
lecture three or four times the same afternoon, to as many differ- 
ent groups of fourth-grade children, because all the children of 
any one grade in the city make too large a number to be accom- 
modated at one time. Definite arrangements are made with the 
school authorities as to the order in which the classes are to 
come. The next day, fifth-grade pupils may come, the next day, 
sixth, and so on. 

The American Museum of Natural History in New York 
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and the Milwaukee Public Museum have perhaps been most 
active in the matter of lectures. The lectures given deal with 
various subjects, as geography, American history, birds of our 
parks, fur-bearing animals found within 50 miles of the mu- 
seum, wild flowers of the vicinity, public health, and many other 
subjects. All the lectures are illustrated by materials and speci- 
mens in the museum, by appropriate stereopticon slides (of 
which each of these museums possesses many thousands), and by 
moving pictures, photographs and other illustrations. These 
museums each now maintain a regular department of public 
education with a competent curator and expert lecturers. Many 
thousand children attend the lectures, and excellent results are 
accomplished. Similar excellent work is being done by other 
institutions. 

Although the lecture courses have proved very successful 
and reach a large percentage of the pupils, they do not and can 
not reach all. In a large city it is impracticable for the children 
in the remote, more distant schools to reach the museum. The 
time required to make the journey to the museum, then back 
to the school, and the expense involved, are too great. Many 
children can not afford the cost of car fares. To meet this diffi- 
culty it was felt that if the children could not come to the mu- 
seum, the museum should be sent to the children; and this was 
done by providing traveling or circulating exhibits or collec- 
tions, usually called 

Loan Exhibits.—These may be habitat groups of smal] mam- 
mals, birds or other animals; minerals, plants, woods and vari- 
ous other objects. For example, it may be a California Quail 
group showing a pair of adult birds, their nest and young, to- 
gether with the appropriate surroundings; or it may be a field 
mouse, adults, nest and young, and the sort of place in which 
they are naturally found. The case containing the group is 
small enough to be handled readily, and is made so as to appear 
attractive. A label accompanies each case, giving the informa- 
tion that school children would naturally wish to know regard- 
ing the species. These portable exhibits are loaned to the public 
schools and are used by the teachers in their nature work and 
object-lesson teaching. In making up the groups the school 
authorities are consulted and such groups are prepared as fit 
into the regular school curriculum. 

This is perhaps the most effective way in which the museum 
can cooperate with the public schools. Several museums are 
doing excellent work in this line, among which I must mention 
particularly the Field Museum in Chicago and the American 
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Fic. 6 MOUNTAIN LION (Felis oreqonensis) 


The mountain lion, in its various forms, is found from Patagonia to Canada, and 
Atlantic to the Pacific. In different parts of its range it is known by different names, as, | 
“ painter,” cougar, etc. Although not so common as formerly it is still plentiful in certain s 
of California, especially in the northern part of the state. The animals in this group wer 
in Humboldt County The mountain lion is the largest of the North American cats It 
destructive to deer and certain domestic animals, particularly colts and sheep. It has bee! 
mated that each lion in California kills on an average one deer a week throughout the year. & 
structive is it that the state pays a bounty of $20 each for its capture. Up to June 30, 191 
state had paid bounties on 2,534 lions. Although the mountain lion is looked upon as a very 
animal and more or less of a menace to human beings, it is really a very wary animal, and ir 
of its attacking man are rare indeed. It is generally easy to tree, even with a cur dog, and 
it with dogs is the method usually employed in its capture. 
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Museum of Natural History in New York. A few years ago the 
Field Museum began this work on a small scale. A _ public- 
spirited citizen, Mr. N. W. Harris, saw what they were doing 
and became deeply interested. Mr. Harris is a man of vision. 
He at once saw the wonderful possibilities of this method of 
teaching and the good results that can come from cooperation 
with the public schools. After investigating the matter care- 
fully, he decided to give to the Field Museum the sum of $250,000 
as an endowment for educational work of this kind. With this 
fund there was established “ The N. W. Harris Public School 
Extension of Field Museum of Natural History.” The entire 
income of this endowment is devoted to educational work. 
Habitat groups of convenient size and form, attractive in ap- 
pearance, and such as will teach lessons of real value to the 
children, are provided in large numbers. Economic collections, 
such as illustrate or relate to the practical phases of natural 
production and distribution, geograpny and commerce, are also 
made use of. These exhibits are distributed by automobile to 
the various schools where they are placed in the care of the 
principals. The cases are allowed to be retained two weeks, 
and then sent on to the next school on the list. The American 
Museum of Natural History is also doing the same thing and 
with very gratifying results. 

This practise of sending the museum to the schools, instead 
of having the school children come to the museum, has the ad- 
vantage of making it possible to reach a larger number of pupils 
than could otherwise be reached, and it is more economical of 
the time of the pupils and teachers. It also makes it easier for 
the teacher to make the lesson more concrete and more effective. 

May I be permitted at this time to speak particularly of the 
Museum of the California Academy of Sciences and what it is 
trying to do in the interest of public education. Although the 
California Academy of Sciences was founded in 1853, just 100 
years after the founding of the British Museum of Natural His- 
tory at Bloomsbury, it was not until recently that any definite 
attempt was made by it to develop a museum along educational 
lines. The Museum of the California Academy of Sciences, 
speaking broadly, feels that it has two primary functions— 
to promote scientific research with special reference to making 
known the natural resources of California and the other Pacific 
coast states, and second, to aid, as best it may, in public educa- 
tion in natural history and other science subjects. 

In furtherance of these objects the academy has recently 
built the first unit of a new museum building in Golden Gate 
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Park. This unit, known as the West Wing, consists of a front 
hall 180 feet long by 60 feet wide, with two rear wings each 128 
feet long by 60 feet wide, with a court 70 feet wide between 
them. Tying the two rear wings to the front is a connecting 
hall 180 feet long by 18 feet wide. The building is of Bedford, 
Indiana, limestone and reinforced concrete, and is essentially 
fireproof. The rear wing on the west is the Research Wing 
and has two floors. The other wing is for exhibits and has one 
floor. The front hall is for exhibits and has one floor. An 
unique feature of the two main exhibition halls is that they 
have no windows; the lighting is from skylights. The large 
front hall is devoted entirely to California mammals, and the 
rear exhibition hall to California birds. 

In each of the exhibition halls the cases are built in against 
the wall. The regulation case for a large mammal or bird 
habitat group is 25 feet long, 12 feet deep and 18 feet high. 
Each ¢ase has a plate-glass front 15 feet long and 10 feet high. 
There are 11 of these large cases in the mammal hall and six in 
the bird hall. In the former are installed habitat groups of 
various species of large California mammals, and in the bird 
hall are similar habitat groups of California birds. 

Among the groups alreads installed may be mentioned the 
Valley elk, black-tail deer (summer scene), mule deer (winter 
scene), antelope, desert mountain sheep, mountain lion, black 
bear, leopard seal, California sea lion, Steller’s sea lion, coyote, 
Farallon Islands bird rookeries, San Joaquin water bird breed- 
ing grounds, desert bird group, California condor, and others. 
In each group the animals are placed in their natural environ- 
ment, surrounded by the shrubs, trees, flowers, rocks and other 
objects such as make up a bit of the scenery which surrounds 
them in the region where they are found in nature. Then the 
real is extended by means of a curved painted background 
which connects so perfectly with the real objects in front as to 
make it difficult, if not impossible, to tell where the real ends 
and the painted begins. In addition to these large habitat 
groups similar small groups of smaller mammals and birds are 
being installed in suitable places at the ends of the large groups. 
These usually show a family of a single small species and the 
den and young if a mammal, and the nest, eggs or young if 
a bird. 

One of the most serious problems in museum construction 
has been that of proper lighting. In most museums the visitor 
not only sees the animals in the case, but he sees himself there, 
and all the people about him, and all the other objects in that 
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part of the hall. The light outside the case is stronger than 
that in it, with the result that everything about the case is re- 
flected in it, always confusing and sometimes quite obscuring 
the object one wishes to see. This difficulty, we think, has been 
almost entirely overcome and reflection into the cases practi- 
cally eliminated by the system of lighting adopted by this mu- 
seum. This system, as already mentioned, is by means of large 
skylights over each case and much smaller skylights over the 
middle of the hall where the observer stands, so smal] that they 
let in so little light that there is practically no reflection. Pro- 
vision is made for artificial lighting at night and on dark days 
by means of electric lights with reflectors installed outside the 
cases and above the ceiling glass. There are also shades placed 
immediately under the skylights, by means of which the light 
can be modified as required. 

The academy has been fortunate in being able to secure sev- 
eral of the best artists in America skilled in this kind of work 
to paint the backgrounds. One or more backgrounds have been 
painted by Charles Abel Corwin, of Chicago, Charles Bradford 
Hudson, of Pacific Grove, California, Maurice G. Logan, of Berke- 
ley, and Worth Ryder, of Oakland. Mr. Corwin has probably 
had more experience in painting habitat group backgrounds 
than any other artist in this country. He has done a good deal 
of work of this kind for the Field Museum, and it was he who 
painted the really wonderful Laysan Island bird cyclorama for 
Dr. C. C. Nutting in the University of Iowa. Captain Hudson 
has also had considerable experience in this field. His back- 
grounds show an interpretation and finish which can hardly be 
excelled. But the work of all the artists is of the highest order 
of excellence. It is difficult, if not impossible, to see wherein 
any of the backgrounds could be improved. 

All matters pertaining to the preparation and installation of 
the groups have been under the immediate direction of Mr. John 
Rowley, chief of exhibits. Mr. Rowley is a real artist in his line, 
remarkably resourceful in devising ways and means for accom- 
plishing the best results. To Mr. Rowley must be given in large 
measure the credit for the wonderfully attractive and highly 
instructive habitat groups which are now to be found in the 
museum of the California Academy of Sciences. 

In addition to habitat groups permanently installed in the 
museum, the academy has begun the preparation of small port- 
able groups and exhibits to loan to the schools. These portable 
groups are in cases of convenient size and substantially made. 
The exhibit may be that of a species of bird, mammal, reptile or 
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ish; it may be a group of butterflies or other insects; or it may 
be typical specimens of instructive minerals, fossils or plants. 
These exhibits are selected with the specific purpose of furnish- 
ing illustrative material for the nature work provided in the 
public schools. Each exhibit is accompanied by a simple ex- 
planatory label. 

The museum also maintains a course of lectures throughout 
the year adapted to adults, and plans to conduct courses adapted 
to school children of the different grades, as already explained. 

As I have already indicated, the educational function or duty 
is now the dominant influence in most of our American mu- 
seums. Without curtailing in any way their activities in re- 
search work, they are making a special effort to be of real 
service in the educational field. The feeling among museum men 
may be expressed in this way: We have long had public schools 
and public libraries working to educate and train our people, 
why not public museums for the same purpose? And there are 
enthusiasts, men of vision, who believe the modern natural his- 
tory museum will soon be so perfected in its equipment and 
methods that it will become the most potent force in giving to 
our children the education and the training that is most worth 
while. 

We all well know how lamentably the public schools are fail- 
ing to give the education and training they should give. We 
know how illy prepared our boys and girls are for the life they 
must live. We know that much which they get in the schools 
bears little or no relation to the life they are now living or that 
which they must live as men and women. We know that many 
of the subjects taught in the schools possess little or no educa- 
tional value; that others which have value do not receive proper 
time allotments in the curriculum. For example, arithmetic in 
the grades receives 25 or 40 minutes pér day for 8 years, while 
physiology and the care of one’s health get but 15 minutes per 
week for a part of one year! It is even worse in the high 
schools. There the courses of study are devised in many schools 
to meet college entrance requirements. When we “remember 
that 40 to 50 per cent. of the pupils who enter high school sur- 
vive only one year or less, that only 3 or 4 per cent. ever go to 
college, it is evident that courses framed to meet college entrance 
requirements are meeting the needs of a very small percentage 
of the high-school pupils. It is not true, as we sometimes hear, 
that the course of high-school studies which best fits for college 
entrance requirements is the course which best fits for life. We 
must put it the other way and say that the studies which best 
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fit the boy or girl for life are the studies which should best fit 
him for college should he go to college. 

Domination of the high school by the college should stop; it 
should not be longer tolerated. There are too many subjects 
in the high-school courses, many of them put there specifically 
to meet absurd college entrance requirements, which bear no 
relation to what the average high-school student has ever done 
or ever will do. They possess no life value. They do not touch 
the life of to-day; they will not touch the life of the future. 

Not long ago I visited a small village school. There I saw 
a class of country boys and girls, not one of whom is ever likely 
to go to college, or to be more than a laborer or mechanic or 
farmer in a small way; yet those poor children were being cruci- 
fied on the Latin cross for 40 minutes every day. To the life 
they are living and the life they will live, Latin bears no rela- 
tion; it does not touch their life anywhere. To them Latin is 
a subject in vacuo. In the high schools there are too many sub- 
jects of that kind, and much of the teaching I have seen is 
teaching in vacuo. Although the subject may be a proper one, 
as chemistry, history, geography or biology, it is often taught 
without relation to what the child already knows or the things 
with which he is concerned. Such teaching is “teaching in 
vacuo.” The high-school pupil can often truthfully say of the 
subject and the laborious efforts of the teacher: “It never 
touched me.” But poor teaching can be improved and made 
good, effective teaching; a useless subject, never. 

That our schools are failing to give the education and train- 
ing which fit for life is evident. The failure is, I believe, pri- 
marily due to the fact that the subjects taught are almost en- 
tirely memory subjects, or are so taught as to be little more 
than memory subjects. Little attention is paid to the training 
of the senses, or to acquiring skill 6f eye, ear or hand, or to 
acquiring those habits of accurate recording and cautious rea- 
soning which modern science prescribes. The curriculum is 
made up largely of faith subjects—subjects which merely re- 
quire the pupil to believe something that the text-book or the 
teacher says. No contact with real things; no training of the 
eye, hand or reasoning powers; no examination of facts or 
evidence; no reasoning and the forming of independent judg- 
ments; simply a memorizing of useless text-book statements. 
The facts or data upon which the judgment was based were 
examined by some one else, and the book and the teacher are 
like the keeper of a ready-made clothing store—they simply hand 
out to the pupil the ready-made judgment or conclusion and 
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Fic. 11 CALIFORNIA RACCOON AND STRIPED SKUNK 


This raccoon is found throughout most parts of California, it being especi 
heavily timbered country aiong the coast The coon breeds in hollow trees, n 
in blind ditches, and even»on the ground in tule swamps. Coons are omnivorous 
frogs, fish and corn; they sometimes enter hen houses and kill and devour chicke It 
the negroes are very fond of the raccoon, regarding its flesh as a delicacy The raccoon 
in value among the fur bearers of Cailfornia The species of skunk shown in this ¢ 


throughout northern California except in the warmer interior valleys from Monterey 1! 


rhe skunk brings forth its young in holes in the ground, beneath buildings, in stone p 
hollow logs They feed largely on insects but will eat flesh of any kind, including chicke! 


fur bearer the skunk is among the most valuable in the United States In some states 8! 
ing has become a profitable industry 
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will not permit him to question it. Our schools are largely deal- 
ers in ready-made judgments and opinions; and nearly all 
second-hand goods at that. 

The child is not taught or given an opportunity to examine 
the evidence for himself and to reach his own conclusion as to 
what the evidence shows. The book says it is thus and so, and 
he must not question the book. It is his duty only to read and 
believe. He must take on faith what the book and the teacher 
say. He is even disciplined if he asks any questions or mani- 
fests any doubt. 

And what is the result? Almost invariably this: Any 
spirit of the investigator he may have had when he entered 
school is crushed out of him and he leaves school and goes 
through life taking things on faith. He becomes a blind fol- 
lower. He accepts as true anything which he reads or is told 
by any one in whom he has faith. He never asks to see the evi- 
dence; he never reasons; he never forms his own judgments. 
He can not distinguish fact from fancy, reality from fraud. He 
falls a ready prey to any fallacy or fraud that comes along, how- 
ever bald it may be; and the more absurd and bald it is the bet- 
ter he seems to like it. 

Of course, I do not mean to say that all who go through the 
public schools are such “easy marks” for the army of frauds 
and shysters—political, religious, economic, health, and a host 
of others that infest our land, but it is only necessary to call 
attention to the thousands who are believers in Ralston Health 
Clubs, double standards, faith cures, and a score of other frauds 
and fallacies which flourish in this land, to show that they con- 
stitute a very large part'of our population. America is said to 
be the home of shysters and quacks; and the public schools are 
largely responsible. The remedy lies in radical changes in the 
courses of study and the method of instruction. 

It has been shown that the secondary schools give not more 
than one tenth to one sixth of their time to observational, sense- 
training subjects. It is almost equally bad in the primary 
schools. I wish to quote President Eliot in this connection. 
He says: 

The changes which ought to be made immediately in the programs of 
American secondary schools, in order to correct the glaring deficiencies of 
the present programs, are chiefly: the introduction of more hand, ear and 
eye work—such as drawing, carpentry, turning, music, sewing, cooking, 
and the giving of much more time to the sciences of observation—chem- 
istry, physics, biology and geography—not political, but geological and eth- 
nographical geography. These sciences should be taught in the most con- 
crete manner possible—that is, in laboratories with ample experimenting 





pelaygo sy AjJunog 
pead pu rian jou 
‘910409 eu uo|3e. 





MONTHLY 


0 
~ 
ad 
. 
™ 
2. 
x) 
>a 
~ 
TD 


THE 














MODERN NATURAL HISTORY MUSEUMS “9 


done by the individual pupil with his own eyes and hands, and in the field 
through the pupil’s own observation guided by expert leaders. 

And here is where the modern natural history museum finds 
its place as a factor in public education. The modern museum 
is in fact many laboratories in one. It is as nearly the fields, 
hills and all out doors as it is possible to make it within doors. 
The real objects are there in their natural environment and 
proper relations. They furnish the materials for observation, 
comparison, study and the forming of judgments. And they 
make it easy for the teachers to improve their methods of teach- 
ing, to teach concretely. 

Indeed, they contain the necessary materials for practically 
all the teaching that need be done in the elementary and sec- 
ondary schools. They contain and can supply materials not 
only for all the observational studies, but most of the other sub- 
jects, as arithmetic, language, geography, reading, writing, 
spelling and even morals. All these subjects become concrete, 
live subjects when related to real things. 

Number work and all the fundamental processes of arith- 
metic, as addition, subtraction, multiplication, and division, be- 
come concrete and easily taught and understood when taught 
with real objects as illustrative material. The same is equally 
true of geography, many of the principles and important facts 
of which can be taught as a part of the study of the museum 
specimens. And no better drill in language and composition is 
possible than can be had in connection with the study of real 
things. In asking and answering questions about them and 
talking about them, excellent drill in spoken language is had; 
in writing questions and answers and in preparing descriptions 
and formal compositions about them, the very best of exercise 
and drill in language, composition, writing and spelling, is af- 
forded. And drill in oral reading and clearness of expression 
comes with the reading by the pupils of the compositions and 
statements they have written. 

When a pupil writes a composition on some material object 
that is put into his hands, some object that he_has seen and 
handled and studied, he writes what he himself knows, he gives 
expression to that which he himself has experienced. It is 
knowledge, not mere information. He is dealing with realities, 
with truth, not with imagination. 

And such exercises and studies as these are the very best 
possible to develop character. To realize the stability of truth, 
to realize that unchanging, immutable law pervades the uni- 
verse, that everything is subject to law, that ignoring or violat- 
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Fic. 138. FARALLON ISLANDS Brrp ROOKERY 


In this group, presented to the California Academy of Sciences by the Hon. Wm. H. ¢ 
shown the ten species of sea birds and the one land bird (the little rock wren) tl 


are 
Golden Gate 


the Farallon Islands. These rocky islands are about 30 miles off the 
they may be seen on any clear day. Thousfnds of sea birds resort to these cliffs to 

and rear their young, one of the most common species being the western gull wh d 
rest of the year, is very abundant about San Francisco, following the ferry boats 
Murre’s eggs were brought each year from 


islands are now a f 


Until a few years ago thousands of thes 


and sold in San Francisco to the bakeries and pastry shops. The 


vation and the birds and their eggs are rigidly protected. sSackground painted by M 
| ogan 


ing law leads to disaster—all this develops stability of charac- 
ter. They are conditions of mind which cause respect for law 
and truth and order and honesty, and they develop those traits 
of character. 

And now in conclusion permit me to say a word regarding 
one more of the interesting and important recent developments 
in museum activity, namely, the Children’s Museum or the Chil- 
dren’s Room. This is clearly one of the results of the growing 
conviction that the museum is a public educational institution 
which should meet the needs of all ages and classes of people. 
While many of the public museums of America have realized 
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this need and have been trying more or less successfully to 
meet it, the institution which has been most successful in this 
very important field is undoubtedly the Children’s Museum of 
the Brooklyn Institute of Arts and Sciences. 

Under the able direction of Miss Anna Gallup really won- 
derful results have been attained. Children are naturally in- 
terested in animals and plants, the material things about them, 
and the forces and phenomena of nature. As President Eliot 
has so well said: 

The best part of all human knowledge has come by exact and studied 
observation made through the senses of sight, hearing, taste, smell and 
touch. The most important part of education has always been the training 
of the senses through which that best part of knowledge comes. This 
training has two precious results in the individual besides the faculty of 
accurate observation—one, the acquisition of some sort of skill, the other 
the habit of careful reflection and measured reasoning which results in 
precise statement and record. 

A baby spends all its waking time in learning to use its senses, and 
to reason correctly from the evidence of its senses. At first it reaches after 
objects near by and far off alike, but gradually learns to judge by the eye 
whether or not it can reach the object seen. It tries to put everything into 
its mouth, perhaps in an effort to estimate size and shape correctly 
which at first it can not accomplish by the eye alone, as the adult does. . . 
The baby’s assiduity in observation and experimentation, and the rapidity 
of its progress in sense-training are probably never matched in after-life. 
Its mind also is trained fast; because it is constantly practising the mental 
interpretation of the phenomena which its senses present to it. 


The child undoubtedly acquires more real knowledge during 
the first five or six years of its life, before it ever enters the 
formal schools, than it does in all the after years. 

The boy on the farm has admirable opportunities to train 
eye and ear and hand; because he can always be looking at the 
sky and the soils; the woods, the crops, and the forests; the 
streams and the hills; he daily, even hourly, sees the wild ani- 
mals, the birds, the mammals, the insects, that usually abound 
about him; the domestic animals on the farm he learns to know 
most intimately; he learns to use various tools, he hears the 
innumerable sweet sounds which wind, water, birds and insects 
make on the countryside, and when he is hunting, fishing or 
merely roaming in the woods and fields and along the streams. 

All this is education of the right sort—which is rarely or 
never equalled in the schools—because it is all most intimate 
personal experience, the only way in which actual knowledge 
can be acquired. 

That this natural method—the only method by which knowl- 


* Changes Needed in American Secondary Education.” 
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ige can be acquired—should be so largely, almost wholly, 
bandoned when the child enters the schools, is hard to under- 
stand, but it is lamentably true. The schools, instead of con- 
tinuing the methods and processes by which knowledge is 
gained, almost without exception subject the child to processes 
and methods which result merely in the acquiring of informa- 
tion, most of which is of little or no value in the development 
of character or in fitting the child to live the life he must live. 

The Children’s Museum is different from the conventional 
public school. Its method is that with which the children are 
very familiar before they ever enter a public school—the method 
by which knowledge is acquired. The Children’s Museum con- 
tinues this method. The children, even into and through their 
teens, continue to deal with realities; they continue to use their 
eyes and ears and organs of taste and smell and touch, for the 
museum is simply certain parts of nature, of outdoors, brought 
indoors for examination and study; all selected with reference 
to their educational value. The imparting of information, or 
mere book information, has no place, or, at most, a very subor- 
dinate place, in a museum. 

Unfortunately, the schools, which might have continued this 
natural method, have for the most part clung to the traditional 
programs which rely chiefly on studies which train the memory, 
but which “ do not train or drill children in seeing and hearing 
correctly, in touching deftly and rapidly, and in drawing the 
right inferences from the testimony of their senses.” 

A well-appointed children’s museum or children’s room will 
have in it those natural objects which have always interested 
children everywhere. There will be brightly and curiously col- 
ored birds and butterflies, moths and beetles, and other insects, 
curious animals of other groups, attractive minerals, growing 
plants, and aquariums with interesting animal and plant life; 


. > of ‘ 
colored transparencies of beautiful flowers, all selected and ar- 


ranged with reference to the telling of an interesting story, 
the teaching of a definite lesson. 

And there will be in this children’s museum simple tools and 
machinery for training the hand and eye, laboratories where 
the little girls can learn to do by doing and where they can, 
through practise, become familiar with many of the simple 
principles of domestic science and art; and others where the 
boys can become familiar with the simple tools and machines 
and become proficient in their use. There is no limit beyond 
which this training of the hand and eye may not be carried. 
As an illustration, in the Children’s Museum in Brooklyn, a 
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special feature has been made of wireless telegraphy, and a 
1umber of boys who got their training in that museum are now 
ecupying responsible positions in charge of wireless plants or 


as skilled operators in various parts of the world. 

It is of vital importance that the right sort of person be 
placed in immediate charge of the children’s museum or chil- 
dren’s room; a well-educated, kindly, sympathetic woman or 
man who knows the specimens in the museum and the live 
things in the park or fields or woods about it; and who, above 
all, knows and loves children; one who can wisely direct the 
observation and the reading of the children so that they may 
correlate their reading with what they have seen in the museum 
or the open, and thus increase rather than stifle their love for 
animate things, as our public schools almost invariably do. 
In such a museum it will be arranged so that the children of the 
different grades will come to the room at different hours and 
receive in turn the instruction and help adapted to their re- 
spective needs. 

There is no better thing which any city, town or village can 
do than to establish and maintain a museum of this kind. In 
some form or another it is already being done by the Children’s 
Museum of Brooklyn, also by the American Museum of Natural 
History in New York, the Charleston Museum, the Milwaukee 
Public Museum, the Chicago Academy of Sciences, and else- 
where. The time is not far distant, I verily believe, when the 
same will be done in many other cities and towns. It will be 
done because it so evidently appeals to us all as the right thing 
to do, the right sort of education and training to give to our 
children. It will be done, because the beauty of it all, for the 
little children’s sake, will appeal to those who have prospered in 
this world; those with kindly hearts, who love children, and who 
want them to become the men and women they should become; 
and the time is now ripe for these good men and women who 
are able to do so to come forward, and out of their abundance 
do this splendid work not only for the children of to-day but for 
those of the years to come. 

HABITAT GROUPS IN THE MUSEUM OF THE CALIFORNIA 

ACADEMY OF SCIENCES 


The California Academy of Sciences has recently installed 
in its new museum in Golden Gate Park a large number of 
habitat groups of important species of California mammals and 
birds, one large hall being devoted to mammals, and another 
to birds. 
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The central, controlling thought with these groups has be: 
to make them as true to life as possible and of the highest ed 
cational value. To accomplish this object the taxidermist w] 
was directly responsible for the group went to the locali 
where the animals were secured and studied the local enviro: 
ment, collecting specimens of the shrubs, grasses, flowers, rocks 
etc., found there. With these, properly preserved, and wit 
artificial flowers, etc., when necessary, he was able to repr 
duce the actual environment with great fidelity. 

In each group is a curved painted background connecting s 
perfectly with the actual objects in front that it is difficult, if not 
impossible, to tell where the real ends and the painted begins. 

In every case the artist visited the region where the animals 
were taken, studied the scenery, made his field sketches an 
studies, and when he made his final painting he was able to giv: 
what is in effect a painting of a real scene somewhere in th 
region where the species is naturally found. 

THE SCIENTIFIC MONTHLY is able to reproduce photograph 
illustrations of a number of these groups. The groups wer 
installed under the general supervision of Dr. Barton Warre! 
Evermann, the director of the museum, the mammal groups 
under the immediate direction of Mr. John Rowley, assisted b 
Mr. Joseph P. Herring and Mrs. M. L. Pariser. The bir 
groups were prepared under the immediate direction of M) 
Paul J. Fair, assisted by Mrs. M. L. Pariser. 

The backgrounds were painted by Charles Abel Corwin, « 
Chicago, Charles Bradford Hudson, of Pacific Grove, California, 
Maurice G. Logan, of San Francisco, and Worth Ryder, of Oa! 
land, all well-known artists. Each of these artists has bee! 
marvelously successful in depicting the natural environment « 
the animals with which he had to deal. 
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POTHOLES: THEIR VARIETY, ORIGIN AND 
SIGNIFICANCE. II. 


By E. D. ELSTON 


CORNELL UNIVERSITY 
INITIATION AND DEVELOPMENT OF NORMAL POTHOLES 


T is evident from the classification given above that all vari- 
| eties of pothole depressions have a turning or vortex flow 
of water (provided with sediment tools) as at least a contribu- 
ting factor in their formation. Accordingly, it would seem that 
an investigation of the exact conditions of the initiation and de- 
velopment of the normal type of pothole would furnish the most 
significant data in regard to the origin of these depressions in 
general, and also furnish some measure of their function in 
the process of gorge cutting by young streams. Some results 
of such a study and deductions based on actual observations 


with particular reference to occurrences in horizontally bedded 


sandstones and shales follow. 

Ideal Normal Potholes.—Normal potholes are developed by 
the rotary grinding motion imparted to rock tools—sand, 
pebbles, boulders—in a depression of the bed of a stream 
course by the water current. A typical normal pothole should 
have the following characteristics: At the top the hole should 
be almost circular in ground plan, with a diameter ranging 
from three inches to ten feet or more. The depth might vary 
between six inches and eight feet or more. In vertical section 
an ideal normal pothole should show the same outline as that of 
a similar section through one of the old-fashioned iron pots that 
have wide curved mouths and bulging sides (see Fig. 8). No 
doubt normal potholes owe their name to this resemblance. 
There are, however, many deviations from this perfect form. 
The holes show much irregularity in ground plan as well as 
lack of symmetry in the bulging of the sides. Very commonly 
the smooth inside surfaces of the excavations are interrupted 
by ridges or flutings. Other typical examples of normal pot- 
holes are shown in Figs. 9a, 9b, 10. The kinds of material that 
may be found in the potholes are of interesting variety 
Usually masses of rubbish consisting primarily of sand, gravel, 
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pebbles and boulders and perhaps fragments of other materia] 
are found in holes either temporarily or permanently aban 
doned by the stream. Some of the pebbles or boulders may b 
smoothed and rounded, due to the grinding action. In describ 
ing the material taken from some potholes in Norway, Brégge) 
and Reusch® state that two types of grinding stones may bx 
distinguished: (1) Perfect or regularly elliptical; (2) less per- 














Photo bu J. &. Hook 
howing similarity in shape 


flutings on interior surf 


fect with elliptical tendency. According to these writers the 
perfect type of grinding stones become more numerous near th: 
bottom of the hole. The grinding stones are usually of the 
harder, more resistant kinds of rock such as sandstone, 
quartzite, etc. Due to their almost spherical or elliptical form 
the grinding stones often attract much attention and in not a 
few cases such beautifully rounded stones have been gathered 
as curiosities or for use in rockeries. 

* Brégger, W. C., and Reusch, H. H., “ Giants’ Kettles at Christiania,” 
Quart. Jour. Geol. Soc. of London, Vol. 30, pp. 754-761, 1874 
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During periods of high water, sand, gravel and boulders are 
swirled by the current and become very effective as abrasive 
agents both in smoothing, rounding out and enlarging the hole 
and also in reducing to finer fragments the tools themselves by 
rubbing them against each other and rounding the pebbles. 














Fic. 98. VIEW OF INTERIOR OF POTHOLE SHOWN IN FIG. 9a Note 


right in bottom of the hole These pits are due to railroad spikes 
pothole and then hammered repeatedly against the sides by the w 


gments of rock. 
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When the erosive action ceases the holes are choked wit} 
this detritus, the greater part of which is sand and silt. [| 
some cases, however, much of the material is rock fragments 
the size of gravel or even of larger pebbles. The materia] i; 
an abandoned pothole very commonly is packed in so closel\ 
that much effort is required to pry out the fragments. A pot- 
hole in the Ithaca region, so packed, contained, in addition 
a considerable amount of sand and gravel, several railroad 
spikes which had been used as tools in the excavating process 








ANOTHER NORMAI 
\ Note the two r« 


for the points of the spikes had been firmly driven and wedge: 
into niches in the bedrock (see Fig. 9). 

Structural Phenomena of Bed Rock Leading to the Initi 
tion of Normal Potholes.—lIt is immediately apparent that th: 
primary factor in the initiation of a normal pothole develop 
ment is the presence of some condition of the bedrock chann« 
over which the stream flows that will give a rotary motion t 
the water. Evidently the chief, and perhaps the only condi 
tion that brings this about is the occurrence of some structur: 
irregularity that leads to the development of a shallow depres 
sion in the stream course. The possibilities of this kind ar 
quite numerous. There may be mentioned, irregularity 
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hedding, ripple marks, lenticular concretionary structure, solu- 
tion irregularities, and joint planes. 

Irregularity in bedding is of very common occurrence in 
stratified rocks and is well illustrated by Fig. 11. The rock 
surface, developed along stratification planes, is often very 
irregular and this condition frequently extends into the struc- 
ture of the underlying material. As the stream erodes the gen- 
eral area of its channel bottom the tendency is to flake off such 
bedrock in accordance with its structural undulations. Thus a 

















hummocky surface is created and in the shallow depressions 
between the knobs sediment tends to collect. 

Ripple marks are familiar features in stratified rocks. 
Variations in their development are shown in Figs. 12 and 13. 
The troughs between the crests afford a favorable place for 
sediment to lodge. 

Another special case of irregularity is due to what may be 
termed “lenticular concretionary structure.” This is found 
where beds containing concretions have been bowed up over the 
concretions and caused to sag beneath them, as is apparent in 
Fig. 14. No potholes have been observed in such a formation 
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POTHOLE IN SHALE. Surface shows rather irregular ripple 
near area shown in Fig. 12 
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by the writer, but it is quite possible that such structure may 


cause the initiation of potholes in a manner somewhat similar 
to that in which it caused the initiation of Tide Pools as de- 





scribed by Henkel.*® If one of the concretions should be re- 
moved by stream grinding it would leave a shallow depression 


LENTICULAR 


STRUCTU RI 


that would act as a catch-all for the rock tools of the stream 
and a pothole might eventually develop. See Figs. 15 and 16. 
Solution Irregularities —These slight irregularities, illus- 
trated by Fig. 17, are due primarily to the solvent action of the 
* Henkel, Isabel, “ A Study of Tide Pools on the West Coast of Van- 
couver Island.” Postelsia—The Year Book of the Minnesota Seaside Sta- 
tion for 1906, pp. 298-303. 
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water and are especially common in limestone rocks and ar 
often associated with potholes. 











IRREGULARITIES IN LIMESTONI 
IrnHaca, N, Y 











PLANES WIDENED OUT BY EROSION AND POTHOLES 0c« 
rHe Jornt PLANES, FALL Creek, Irmaca, N. ¥ 


Joint planes seem to be the most important single factor in 
causing the initiation of the normal potholes. Along a single 
joint plane the rock is less resistant at some points than others 
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[his is notably the case in shales, where fragments may often 
ye more readily detached in certain spots adjacent to the joint 
erevices than elsewhere. The resulting depression, if it is in 
the course of an eroding stream, frequently becomes enlarged. 
Again, at the point of intersection of planes, the corners of the 
rock are readily chipped away by boulders striking against 
them or such corners may be worn away by the combined 


processes of stream grinding (corrasion) and solution (corro- 
sion). If the bed rock at the place of such intersection of 
joint planes is submerged only a part of the time and exposed 


during periods of low water, it is possible that weathering will 














also aid in enlarging the depression. Such hollows apparently 
afford most excellent sites for the development of potholes (see 
Figs. 18, 19 and 20). 

Joint planes, in addition to occasioning hollows at which 
potholes may start, may also influence the later development ot 
the holes. The joints do not always extend vertically into the 
rocks. Sometimes they are inclined away from the perpendicu- 
lar, or in geological terms, have a considerable hade. Assume, 
as shown in Fig. 21, that the joint plane extends vertically into 
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the rock mass, i. e., that the hade is 0°. If this joint plane cut 
the edge of the hole or occurs near the hole, the line of weak. 
ness will be continued straight down and in accordance with 
these conditions, the pothole should theoretically be excavated 
vertically into the bedrock. 

If, on the other hand (see Fig. 22), the joint plane has a 
large hade, the hole should, if our theory is correct, extend into 
the rock at an angle approximately equal to the hade, provided 














OCCURRING NEAR INTERSECTION 0O JOINT PLANES, CASCA 
CREEK, IrHaca, N. Y. 


that the joint plane does form a line of weakness along which 
the effectiveness of erosion is concentrated. While no examples 
have been observed by the writer, where it was certain that 
such was the case, in several instances it seemed quite possible 
that hading of a joint plane had been a factor. 

Potholes Inherited from Preexisting Conditions.—As wil 
be noted from the foregoing discussion, it is easy to conceive o! 
various structural variations in the bedrock of stream courses, 
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that might cause the initiation of potholes and influence their 
later development. ‘To deduce on theoretic grounds the prob- 
able effect of these structural phenomena is not difficult. Yet, 
after examining many holes, it became apparent that the con- 
nection between their occurrence and such structural features 
was by no means so obvious as would at first seem probable. 
Particularly is this true of many of the larger, more typical, 
well-developed holes. Even when a detailed search was made 
it proved difficult to find single examples where incontestable 
correlations could be made between initiating cause and the oc- 
currence. 

There is obviously a connection between waterfalls and 
plunge pools. Furthermore, there is every gradation between 
plunge pools and normal potholes. The latter often mark the 
site of waterfalls the crest of which has since receded. Such 
potholes usually occur in a series leading up to the site of pres- 
ent active development. Excluding these, there still remain a 
number of potholes, the occurrence of which does not present 


Fic. 21 INFLUI 
Hape ON DEVELO! 
Resistant and 
marked II and S 


evidence of formation by waterfalls and yet they seem unre- 
lated to existing structural condition’. Perhaps no single one 
of a number of such holes will show any distinct relation to 
an initiating cause or reason for development at just that 
point. What then is the cause of these potholes? Why are 
they found at such places where no relation seems to exist be- 
tween them and the structural phenomena present ? 

It would seem that most normal potholes owe their existence 
to initiating causes that have disappeared since the formation 
of the holes. Accordingly it is proposed to describe them as 
potholes inherited from preexisting conditions. 


The case may be especially well illustrated in connection 
with joint planes. Some of the joints are strong in sandstone 
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and notably weak in underlying shales, according to Sheldon. 

Assume that at an earlier stage in the downcutting by th: 
stream a pothole was initiated in the sandstone layer due to th 
intersection of joint planes which were strong in the sandston: 
but weak in the shales beneath. Assume further that this hok 
attained a considerable depth and development and that its 
lower portion was cut into the shales in which the initiating 
joint planes did not continue. In time the stream erosion wor: 
away the sandstone layer. The pothole, however, continued 
to be eroded in the shales. Once started, the swirl of the water 











currents continued to be effective and the hole was deepened at 
a rate commensurate or surpassing that of the general erosion 
of the stream bed. Thus it remained a feature of the strean 
course when the bed of the stream has been cut below the laye! 
in which the hole was originally started. 

Not only does this development history seem probable wher« 
the weak spots are caused by joint planes in the upper layers 
but it also seems just as likely to occur if any one of the other 
structural weaknesses previously described occurs in layers 
later removed. 

‘7 Sheldon, P. G., “Some Observations and Experiments on Joint 


Planes,” Jour of Geol., Vol. XX., No. 1, January—February, 1912, pp. 64 


65. 
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Henkel** observed in the case of tide-pools along the west 
coast of Vancouver Island, that some of the depressions were 
cut so that their bottom portions existed in sandstone and their 
top portions were in conglomerate, only a portion of the latter 
remaining due to erosion. Apparently this is an excellent 
example of inheritance from preexisting conditions. 

The general theory, then, of inherited potholes accounts very 
satisfactorily for the development of large and small holes situ- 
ated near each other in a rock surface which is apparently 
homogeneous throughout. The smaller holes are the most re- 
cently formed. They may in the future be extended downward 
into the underlying material. The material which is now at 
the surface may later be worn away and the potholes still con- 
tinue their downward development (provided that conditions of 
erosion are maintained). 

Irregularities of the Interiors of Potholes.—Where strata 
of unequal resistance to the grinding process of pothole forma- 
tion occur within the depth of a single hole, the interior is com- 
monly fluted, the resistant layer projecting beyond the weaker 
layers above and below. Possibly such fluting in some cases is 
due to variations in the erosive effectiveness of the currents 
moving in the hole, due to variations in the stream volume and 
its sediment !oad. 

No conclusive determination of the exact conditions that 
lead to the progressive enlargement of the diameter of a pothole 
below the surface has been made. Brunhes and Brunhes” 
assert that centrifugal force causes the velocity of the water to 
increase at the sides of the hole, hence the tendency toward 
undercutting. There must also be a certain limiting depth to 
which a pothole can be excavated by a current of given volume 
and velocity provided with an optimum of rock tools. The 
variable factors, however, are so many that it would be difficult 
to establish any definite relations of this kind. 

Pothole Development and Gorge Cutting.—lIt has been 
previously suggested that pothole development is a significant 
if not a primary process in the early stages of gorge cutting by 


28 Henkel, Isabel, “ A Study of Tide-Pools on the West Coast of Van- 
couver Island,” Postelsia—The Year Book of the Minnesota Seaside Sta- 
tion for 1906, p. 293. 

2° Brunhes, B., and Brunhes, J., “ Les Analogies des Tourbillons At- 
mospheriques et des Tourbillons des Cours d’Eau et la Question de la 
deviation des riviéres vers la droite,” Anales de Geog., Vol. 13, 1904, pp. 
1-20. 

Vou. v1.—4. 
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streams. Fig. 2 illustrates this relation very clearly. Cleland 
cites another instance of even more striking character. He 
describes a natural bridge formed in impure limestone over the 
Kicking Horse River, near Field, B. C., by the lateral enlarge- 
ment and intersection below the surface of adjacent potholes. 
Some idea of the proportions of this feature may be gained by 
the figures he gives. The bridge averages ten feet in width, 
has a span of about eight feet and the arch is six to eight feet 
thick. 

Watkins Glen, a quite famous gorge in central New York, 
owes much of its picturesqueness to the fact that its bottom 
course is almost exclusively the result of pothole erosion. The 
stream flows from one pothole to the next, forming the scalloped 
channel border illustrated by Fig. 23 as a result. Above, the 
gorge has been widened by weathering, but there is hardly any 
question but that these strata were also originally cut through by 
pothole grinding. In order to determine the rate at which 
potholes are enlarged, a plaster cast was made of a typical oc- 
currence near Ithaca, N. Y., in the summer of 1914. Some time 
in the near future it is proposed to make another cast of the 
same hole and measure the volume of rock material that has 
been removed. At the same time it may be possible to deter- 
mine how much the general level of the bed of the stream has 
been worn down. In this way it is hoped to obtain a sugges- 
tion of the quantitative relations of general and pothole deep- 
ening of stream channels. It would be interesting to have 
similar measurements made by observers in other localities as 
a comparison of results under different conditions would afford 
a basis for a general deduction of the effectiveness of the pot- 
hole grinding process in deepening stream valleys. 


SUMMARY 


1. Potholes develop only in streams that are actively erod- 
ing in fairly well consolidated rock. 

2. An initial hollow in the bedrock is necessary to permit 
of the primary collection of the sediment and stones that are to 
be the tools with which the pothole is ground out. 

8. The stream must carry at least a moderate amount of 
material to be used as grinding tools. Streams heavily laden 
with sediment tend to deposit rather than erode and too much 
material chokes the initial depressions. 


8° Cleland, H. F., “ North American Natural Bridges,” Bull. Geol. Soc. 
of America, Vol. 21, 1910, pp. 321-322. 
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4. The initial hollow may be originated by any one of the 
following factors: irregularity in bedding; ripple marks; len- 
ticular concretionary structure; solution irregularities; joint 
planes. 

5. The inception of a given pothole may be due to one or 
more of these structural weaknesses. 

6. The larger holes seem almost invariably to be inherited 
from preexisting conditions. 

7. The later development of a hole is influenced by the 
following factors, among others: the volume and velocity of the 
stream; the direction of currents; nature, structure and posi- 
tion of the rock, the hade of joint planes; union of two or more 
holes. 

8. Most of the erosion of the holes is apparently accom- 
plished during flood stages. 
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THE INFLUENCE OF MAGNETISM ON LIGHT 


By Professor L. R. INGERSOLL 


UNIVERSITY OF WISCONSIN 


T is not such a great while since the various subjects of licht, 
heat, electricity and magnetism, embodied in the science 
of physics—or “natural philosophy” as it used to be called— 
were thought of as discrete branches only slightly interrelated. 
The task of showing the connection between them may be 
thought of as commenced by Oersted, who discovered, almost 
exactly a century ago, the effect of an electric current on a mag- 
netic needle. Half a century later the theoretical work of Max- 
well supplemented by the experiments of Hertz showed that 
light is, fundamentally, nothing but a particular manifestation 
of electrical and magnetic phenomena. But the discovery of 
the electron in recent times has done more than anything else 
to unify physics, and the division of the science into branches 
may be regarded henceforth merely as a separation for conve- 
nience in instruction rather than as a natural cleavage. 

But while light is now well known to be an electromagnetic 
wave phenomenon, occupying indeed a position intermediate 
between the long electromagnetic vibrations or wireless waves, 
on the one hand, and the extremely short undulations which the 
X-rays have very recently been shown to be, on the other, the 
experimental study of the relationship is not simple. Never- 
theless a whole series of investigations, initiated by Faraday’s 
capital discovery of the rotation of the plane of polarization 
produced by a magnetic field, has been carried out in recent 
years with the aim of finding out the effect of magnetic and 
electrical influences on light. 

The most striking result yielded so far is the effect, discov- 
ered in 1896 by Zeeman, of a powerful magnetic field on a 
source of light. This phenomenon, which is too minute to have 
been observed by Faraday, who tried the experiment, consists, 
in its simplest form, of the doubling or tripling of a spectral 
line according as the source is observed along the line of the 
magnetic field, or across it, respectively. On the basis of the 
electron theory the explanation may be outlined as follows: 
Suppose that in a small monochromatic source of light (e. 9., 
vacuum tube, flame, etc.) between the poles of a large electro- 
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magnet one of the countless electrons is rotating in a circular 
path about the axis of the field, giving rise as it does so to a 
light wave of period corresponding to its rotation. If, now, the 
magnet is excited there will be a force acting on this electron— 
just as there wou!d be on a flexible circular wire carrying a cur- 
rent—which will tend to pull it into an orbit of smaller radius 
or push it out to a larger one according to the direction in which 
itis turning. The result will be exactly what would happen to 
a planet moving according to Kepler’s laws: a diminution in 
orbit means a shorter time of revolution, and vice versa. <Ac- 
cordingly, when the field is excited all electrons rotating in one 
direction will suffer a shortening of their periods, while those 
turning oppositely will show a corresponding lengthening. 
Thus a single spectral line is split into a “ doublet” whose com- 
ponents will, moreover, be found to be circularly polarized. 

The obvious difficulty of this simple explanation arising 
from the fact that naturally only a very small proportion of the 
electrons would be found vibrating in circles oriented as pre- 
supposed, disappears when we remember that any vibratory 
motion is resolvable along three axial directions and that the 
simple harmonic vibrations along either of those perpendicular 
to the field is resolvable into the circular motions above de- 
scribed. The third vibration is in the line of the field and 
therefore not influenced by the magnet; hence when the phe- 
nomenon is viewed transversely there is a third component in 
the position of the original line. 

It is hard to overestimate the importance of this discovery 
by Zeeman, leading as it has, on the one hand, to the brilliant 
researches of Hale and his co-workers on magnetic fields in the 
sun, and, on the other, to the explanation of many of the effects 
of magnetism on light. 

Most of these effects have to do With polarized light and are 
allied to the Faraday rotation above mentioned. This experi- 
menter established the fact that when plane polarized light 
traverses any transparent substance in a magnetic field—the 
direction being parallel to the lines of force—the plane of po- 
larization suffers a rotation. The effect, which is analogous to 
that produced by a naturally active substance (e. g., sugar solu- 
tion), varies in amount with the character and thickness of the 
material, strength of field, wave-length of light and certain 
minor factors. Practical use has indeed been made of this well- 
known phenomenon in connection with a “massiess” photo- 
graphic shutter suitable for use in experiments on the pho- 
tography of projectiles in flight. The light passes through a 
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nicol prism and is thereby polarized, so that when it reaches a 
second nicol “crossed” on the first no light is transmitted. 
Between the two is a tube of carbon bisulphide—a strongly 
magneto-optic substance—in a helix of wire. The passage of 
a momentary current magnetizes the helix and rotates the plane 
of polarization of the light passing through the carbon bisul- 
phide sufficiently to permit the passage of a flash of light 
through the second nicol. 

This effect, moreover, is not limited to transparent sub- 
stances, for the magnetic metals, particularly iron, have enor- 
mous rotatory powers when specified in terms of a centimeter 
thickness. Indeed, if light could penetrate a centimeter into 
strongly magnetized iron it would suffer no less than five hun- 
dred complete revolutions of its plane of polarization, but the 
opacity of such substances is so great as to prevent the use of a 
film of thickness much greater than the ten-thousandth part 
of a millimeter, so the actual rotation is of the order of only a 
degree or two. Gases and vapors, especially of sodium, may 
also produce considerable rotations as shown by the extended 
experiments of Wood. 

For the last dozen years, the writer has made a special study 
of this subject of rotatory polarization in its various phases. 
The rotation has been determined for a variety of substances 
as dependent on the wave-length of light used, not only for the 
visible, but also for a portion of the long wave, or infra-red, 
spectrum. The study has not been limited to transparent sub- 
stances, but has also included the magnetic metals, particularly 
for the case of reflection (Kerr effect) for various directions of 
magnetization. Of late the work has been extended to include 
a comparison of the magnetic with the natural rotation, such 
as produced by a sugar solution, for a number of active sub- 
stances. The experimental work has not been without its diffi- 
culties ; for the eye must necessarily be supplanted by the bo- 
lometer when working with the infra-red radiations, and this, 
with its entailed accessories, makes up an apparatus rather 
complicated in comparison with the relatively simple arrange- 
ment that suffices for the study of rotatory polarization in the 
visible spectrum. 

The results are naturally divided into two groups, according 
as they are for transparent substances or for the magnetic 
metals. The magnetic rotation of practically all representa- 
tives of the former class shows a rapid diminution with increas- 
ing wave-length as far as the writer has been able to investigate 
in the infra-red, that is, to a wave-length some three times 
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longer than any the eye can see. The rotation for wave-length 
2 (.002 mm.) is less than one tenth of what it is for sodium 
light. The dispersion curves for different substances are much 
alike and are in general quite similar to the natural rotation 
curves (for such of the substances as are naturally active) over 
the whole spectral region examined. The temperature coeffi- 
cients of rotation are, however, quite different in some cases. 

The metals present a more interesting, as well as more com- 
plicated, case than transparent substances. As Kerr showed, 
half a century ago, when polarized light is reflected from the 
polished surface of a highly magnetized steel mirror the plane 
of polarization suffers a slight rotation. This effect has been 
investigated by a number of observers for the visible spectrum 
and by the writer on the infra-red side. The rotation-disper- 
sion in the visible spectrum is “ anomalous,” that is, the effect 
increases with longer wave-length instead of diminishing as 
does the rotation in transparent substances. Carrying the 
curves into the infra-red, however, it is found that the effect 
soon reaches a maximum and then diminishes rapidly for still 
longer wave-lengths. Viewed as a whole, the curves resemble 
very strongly the type of dispersion curve we are accustomed 
to associate with transparent substances in a spectral region of 
strong absorption, and it may be that for these metals, e. g., 
iron, nickel and cobalt, the visible spectrum is a region of simi- 
lar abnormal properties. 

There are a number of other magneto-optic phenomena— 
some of them requiring experimentation with films of metal 
less than one-millionth of an inch in thickness—which the 
writer and others have investigated. In general, however, it may 
be said that light, while unquestionably magnetic and electrical 
in nature, yields rather grudgingly to experiments attempt- 
ing to probe this relationship, and one must frequently content 
himself with small effects. The explanation of this undoubt- 
edly lies in the fact that the tiny electron whose activities not 
only give rise to light, but, moreover, determine or modify all 
the optical properties of bodies, executes its enormously rapid 
vibrations in magnetic fields of its own which are exceedingly 
large. To influence these vibrations by our gross experiments 
with fields which must, after all, be relatively small, is accord- 
ingly a difficult matter. 
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DUST IN INDUSTRY 


By HENRY FIELD SMYTH, M.D., Dr.P.H. 


UNIVERSITY OF PENNSYLVANIA 


HERE are only a very few distinct diseases or diseased 
= conditions which are strictly speaking occupational in 
origin, such as the specific metallic poisonings, gas and fume 
poisoning, “‘ Caisson disease” caused by working in compressed 
air, an anthrax infection from working with infected hides or 
wool. Other diseases, just as serious and just as truly due to 
improper working conditions, may be directly traceable to 
occupational hazards, however, though they may also be caused 
by or aggravated by other conditions outside of daily work. In 
these latter instances it is often hard to tell just how much of 
the trouble is due to faulty working conditions and how much 
to faulty personal hygiene of the worker at home or elsewhere. 
As working conditions and manufacturing processes differ so 
widely in different countries and even in different localities in 
the same factory, observations made at one time and place do 
not necessarily hold good as the basis of generalizations. To 
rightly judge of any industry and of its effect on health studies 
must not only be made in one place or one factory but in many 
factories in different localities. 

A number of such investigations have been conducted in 
specially dangerous industries and have resulted in very greatly 
improved conditions, and in several of our very large cities 
special clinics have been instituted to treat occupational dis- 
eases and to make further studies of working conditions. 

Some employers take every precaution they know of to 
lessen danger to their workmen, not only for the sake of the 
workers, but because employers are coming more and more to 
realize that a healthy, vigorous worker is even more valuable 
than a piece of machinery kept in good repair and well oiled. 
On the other hand, there are a great number of employers 
whose only aim is to secure a greater production in less time 
and at less cost, and who fail to appreciate the drawback to 
such an aim that unhealthy workmen, poor light, clutter and 
dirt really are. Bearing these facts in mind, one can see the 
value of intensive studies of health-hazardous industries in 
various localities, so that we may learn if possible the part 





DUST IN INDUSTRY 


played in disease production by the special hazards and how far 
these hazards may be lessened or removed, or the workers pro- 
tected from their bad effects. Among non-specific disease- 
producers found in industry none is of much greater importance 
and more generally prevalent than dust. Many industries 
necessarily are associated with dust in large quantities and 
often of very irritating nature, though too often much more 
dust is produced than necessary and that which is produced is 
scattered over a far wider area than need be. 

Dusts produced in industry may be of various kinds and 
their harmful action on the system depends on the nature of the 
dust as well as on the amount. These dusts have been classified 
in several ways. First, as to whether they are mineral, metal- 
lic, vegetable or animal in origin, or mixed, but this grouping 
gives no definite idea as to their action. From the health stand- 
point a better classification is into irritating, poisonous and in- 
fectious. Dust in the air we breathe is inhaled and if insoluble 
may act more or less as an irritant to tissues with which it 
comes in contact, depending on the shape and hardness of the 
particles, hard, sharply pointed or angular particles like flint or 
steel being much more harmful than smooth clay or soft vege- 
table or animal fiber dust. Such insoluble dust, particularly 
animal fiber or hair dust, may carry into the system with it the 
germs of infectious disease, and many fatal cases of anthrax 
have been caused by inhaling the dust liberated in the sorting 
of infected wool or hides. Tubercle bacilli are often thus intro- 
duced on dried or drying particles of sputum carelessly expec- 
torated by infected workers. 

Soluble dusts are dissolved in the mucus covering the linings 
of the air passages and may act locally as chemical irritants, 
causing local catarrhal inflammations, which in turn lower the 
resistance of the tissues and facilitate the lodgment and growth 
of pus-producing bacteria, or the poison may be absorbed into 
the system and cause general poisoning, the most frequent ex- 
amples of the latter being the numerous cases of lead poisoning 
occurring among painters, sand paperers and makers and users 
of white lead, red lead and litharge. 

It is remarkable how much dust one can become accustomed 
to with apparently very little harm being done. This is partly 
due to the action of the excellent defenses nature has provided. 
Large heavy particles very soon fall to the floor and if the place 
of generation of dust is below the level of the nose or mouth of 
the worker these particles may never reach the respiratory 
passages unless they are thrown upward with force. Of those 
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particles of irritating insoluble dusts that reach the nasal open- 
ings and are inhaled fibers of any length are apt to be caught 
and retained by the hairs in the nostrils, while a certain per- 
centage of the larger and medium-sized masses and even som: 
of the smaller ones are deposited on the moist membranes of 
the nasal passages and eventually swallowed with the mucus 
from the back of the throat or sneezed or blown out of the nos- 
trils. Only the finer particles penetrate to the trachea and 
bronchi, and there any that lodge on the walls of the larger air 
passages are swept upward by the current of mucus kept in 
motion by the countless little whip-like processes of the cells 
lining these tubes. So finally only the smallest particles, one 
authority says those under “4 o, millimeter in size, reach the 
lungs themselves. Lehmann, working with white lead dusts, 
found that from 35 to 43 per cent. by weight of that entering 
the nostrils reached the lungs, the rest either being finally swal- 
lowed or breathed, blown or sneezed out of the nares. Insol- 
uble dusts that do reach the finer bronchioles or air cells are 
taken up by wandering cells or phagocytes and carried into the 
tissues, or by means of their sharp edges or points work their 
own way in and there give rise to local inflammation, followed 
by an increase of fibrous connective tissue, especially marked 
around the small blood vessels and air passages. This firm non- 
elastic fibrous tissue replaces the normal more elastic tissue and 
crowds and contracts the small air passages. The former pre- 
vents the normal expansion and contraction of the lungs with 
respiration and the latter causes dilation of the terminal air 
cells due to increased resistance to expiration and hinders the 
normal flow of blood in the lungs, so lessening the amount of 
oxygen taken up by the blood and the amount of carbon dioxide 
given off. This slows up the normal tissue metabolism and low- 
ers the general body tone, lessening resistance to disease, espe- 
cially to infections of the respiratory tract. Such fibrosed lungs 
yield more readily to attacks of infective bronchitis and pneu- 
monia, and many claim also that they make excellent soil for the 
development of tuberculosis, though when tuberculosis does de- 
velop it is more apt to be a slow chronic process owing to this 
very immobility of the lungs preventing the rapid spread of 
infection and giving nature more chance to build a protectiv: 
wall around the diseased area. Some of the dust particles which 
the wandering scavenger cells carry into the tissues reach the 
lymph channels and are arrested in the lymph glands at the root 
of the lungs, where they remain out of harm’s way and do no 
further damage unless infected. Such glands after death from 
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other causes are found swo!len and loaded with gritty particles. 

This brief sketch of the fate of inhaled dust shows the im- 
portance of dust prevention as a health measure in industry 
and the value of accurate data as to the volume of dust gener- 
ated in different processes and the relative proportions of differ- 
ent-sized particles in this dust, as well as the shape and hard- 
ness of those minute particles which reach the lungs themselves. 
Such data as to the amount of dust inhaled have heretofore 
been very scarce and as a rule based on the amount of dust in 
comparatively small samples of air, at most a few cubic feet, 
and often small fractions of a cubic inch, and as air currents in 
rooms are constantly changing in force and direction, especially 
if there is much motion of persons or machinery, and as dust 
production in manufacturing processes varies from moment to 
moment, such small samples give no reliable picture of actual 
conditions. The investigators of the New York State Venti- 
lation Commission two years ago developed a new testing ap- 
paratus by means of which much larger samples of air can be 
examined, such sampling extending over appreciable periods of 
time, so that much more nearly average conditions can be ob- 
tained and more reliable conclusions and estimates can be made. 
This apparatus, the Palmer dust-collecting machine, is essen- 
tially an electrically driven centrifugal fan which aspirates a 
continuous current of air through a fountain of water in a spe- 
cially designed bulb. All the particles of any but ultramicro- 
scopic size which are floating in the air are retained in the 
water, a gasoline manometer enabling one to measure the rate 
of flow of air through the machine. After a test the water is 
drawn off into a clean bottle and diluted up to a given volume. 
Knowing the amount of air sampled and the volume of water 
we know the volume of air that a given fractional amount of 
the water will represent. This water can then be evaporated 
and the residue weighed, to determine the weight of dust. The 
dried dust can be burned and again weighed to determine the 
proportion of organic and mineral matter present. Chemical 
tests can be made to determine the amount of any poisonous 
substances present and finally the dust particles can be ex- 
amined under a microscope to determine their shape and size 
and number per unit of air, usually per cubic foot, as well as 
the relative number of particles of different sizes. For the 
last-mentioned purposes the commission recommends grouping 
particles in four or five groups, the smallest being about 
ten times the diameter of the average bacteria, and the 
largest about 400 times larger. Those under 0.001 millimeter 
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can not well be counted, and in the work to be referred to here 
have been disregarded, as they are considered too small to do 
any serious harm. With this apparatus, samples of from 25 to 
200 cubic feet or more of air can be tested, the amount depend- 
ing on the dustiness of the air. As the optimum rate of sam- 
pling is five cubic feet per minute, it will be seen that tests last- 
ing from five to forty minutes give time for normal variations 
in air currents and dust produced to occur. In this way, the 
amount of dust per hundred cubic feet of air can be estimated 
in the shorter tests and actually weighed in tests of 100 to 200 
cubic feet. As the average man inhales 30 cubic inches of air 
at each inspiration and breathes 17 to 18 times per minute, it 
is estimated that he would inhale about 18 cubic feet of air 
per hour or 144 cubic feet in an 8-hour working day. With 
these figures as a basis, it is easy to estimate the weight of dust 
and its percentage of organic and inorganic matter which a 
worker would inhale in his working day, of whatever length it 
may be, in his particular industrial occupation. Assuming that 
Lehmann’s estimate of 42 per cent. of inhaled dust particles 
actually reaching the lungs and remaining there might be too 
high for some dusts, it is calculated that at least one third of 
inhaled dust would actually remain in the lungs. 

Last winter the University of Pennsylvania Hospital estab- 
lished a clinic for occupational diseases in cooperation with the 
Pennsylvania State Department of Labor and Industry. In 
addition to the routine work of treating patients referred from 
industrial plants and to making special investigations of the 
working conditions of these patients, the clinic is engaged in a 
systematic study of dust hazards and distinctively dusty in- 
dustries. 

The study referred to includes surveys of the industries 
with determination of the relative humidity in the work rooms, 
as the amount of moisture in the air influences greatly the 
amount of dust remaining suspended in the air. Determina- 
tions were made, by the use of the Palmer apparatus described 
above, of the actual average weight of dust per cubic foot in 
the air of the work rooms, with the estimation of the total 
amount of dust a worker would inhale in a day’s work. Esti- 
mations were made of the number of dust particles per cubic 
foot of air and these were grouped into four different sizes, with 
the determination of the percentage of each size in the total 
count, and the determination of the character of the dust, in- 
cluding shape of particles, percentage of organic and mineral 
matter and amount of any poisonous substances, if present. 





DUST IN INDUSTRY 61 


Also physical examinations were made and medical histories 
taken of many employees, preferably of men who had been 
working a number of years in dusty trades. Finally the 
rentgenologic department of the University Hospital made 
rentgenographic examinations and radiograms of the chests of 
these workers, as that is where the effects of long-continued 
work in dusty atmosphere are chiefly seen. 

The value of such work to the industrial physician, the 
worker and the industry itself can be readily seen. It is 
thought that a few of the results obtained and the conditions 
observed might be of interest to the general reader. For pur- 
poses of comparison and as a basis of standardization, air was 
examined in a suburban house and in a laboratory of the uni- 
versity to obtain an indoor standard, and outdoor samples were 
collected at the same places. The following table gives the 
number of particles per cubic foot of air, the weight of dust 
inhaled per working day, with the minimum amount retained 
in the lungs per day and per year of 300 working days in each 
industry examined. Each report is an average of tests taken in 
that industry in different rooms and departments and often in 
different factories. Sixty-five tests in all were made in nine 
industries and five tests for comparison which were calculated 
for twenty-four hour periods. The working days in the indus- 
tries ranged from eight to twelve hours in length, the longest 
day being in the dustiest industry. Portland cement making 
was by far the dustiest trade investigated, and here the actual 
bulk of dust inhaled is amazing, but the reason for this will be 
seen when it is stated that from one room in one plant calcula- 
tions showed that at least half a ton of cement dust and prob- 
ably much more escaped into the surrounding atmosphere in a 
day. In a similar room at another plant, there were only about 
one sixth as many particles in the:air, and of these a greater 
number were of the larger sizes, due to the exhaust ventilation 
stacks over conveyors which carried off many of the smaller, 
more dangerous particles. Men were found who had been 
working over twenty years in cement plants, and the table will 
show that they must have had from 2 to 4 pounds of cement 
dust lodged in their chests. Next to cement in the amount of 
dust created came plush and carpet making and here consid- 
erable variations were found in different rooms. The dustiest 
places were the wool breaker room where dirty raw wool was 
handled which might readily be contaminated with dangerous 
disease germs, and another room where old woolen rags of all 
descriptions were shredded up to be made over into carpet. 
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Here too there was danger of infection as well as mechanica! 
injury from dust. However, woolen dust itself is among the 
least irritating of dusts, far less so than the hard mineral dusts. 

Steel and asbestos dusts are both decidedly irritating, the 
former being distinctively dangerous, owing to its sharp irreg- 
ular form. In the dustiest streel-grinding room ball bearings 
were being dry ground between emery wheels and no effort was 
made to keep the fine particles from flying off into the air. The 
asbestos dusts would have averaged much higher except for the 
presence of very efficient exhaust ventilation hoods over the 
carding machines in one factory. As will be seen at the bottom 
of the accompanying table, one asbestos working room was 
even worse than the ball-grinding room. Flint dust, though 
ranking fourth in the table, is probably the most dangerous of 
all except possibly steel, and flint has a reputation for shorten- 
ing the lives of workers and inducing tuberculosis. One flint 
mill has an exhaust system, but, as often is the case, it was not 
working. Pottery manufacturing has a bad name, but condi- 
tions were not found to be very bad, as will be seen. Formerly 
much lead was used in pottery glaze and is yet for some wares, 
but little was used in the factory visited, the employees being 
well protected when it was used, and a test of the dust showed 
only a small per cent. of lead present. 

The danger in felt hat making is not so much from the fur 
dust itself as from the mercury dust, rising from the carrotted 
fur. The fur is “carrotted” or brushed with acid nitrate of 
mercury solution to prepare it for the felting process. Cigar 
manufacturing has a bad name for dust production, but, as seen 
in Philadelphia, this is undeserved and nicotine tests on the 
dust showed little or no danger of poisoning of the workers. 

The silk factory was the cleanest place visited, and here 
there was less dust than found apywhere except in outdoor 
country air. This is partly due to the high degree of relative 
humidity maintained to make the silk fibers more manageable. 

In many of the places where samples were taken relative 
humidity was tested, and in general it was seen that where 
there was most moisture in the air there was least dust and 
fewer large particles proportionately to smaller. Tests of rela- 
tive humidity also showed that in few if any of the rooms was 
the humidity too high for comfort, though heat was excessive 
in many cases where testing was done in hot summer weather. 
In most instances the relative humidity might well have been 
artificially increased as a means of reducing dust. This could 
have been done by the use of humidifiers to add moisture to the 
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air or by supplying cool air in ventilation ducts by means of 
water sprays or circulation over cold pipes. The mere lowering 
of the temperature of air increases its relative humidity by 
lowering its saturation point. 

X-ray examinations of the chests of workers in dusty atmos- 
phere showed varying degrees of fibrous deposits in the lungs, 
as well as fine scattered shadows due to the dust itself. 
while well marked in workers in cement and in steel grinder 
were distinct in potters only after many years of work. Shad- 
ows of less degree were also seen in old plush and carpet mil! 
employees, which may have been due in whole or in part to th 
inorganic matter mixed with the fibrous dust in an old mill not 
kept any too clean. Evidence of damage to the lungs of cigar 
workers was absent even in the men working many years at 
the trade. 

Dust conditions in many factories or in parts of factories 
were minimized by the introduction of strong local exhaust 
ventilation with hoods over dust-creating machinery, but these 
were by no means universal and where employed were not al- 
ways properly constructed or of sufficient size and power, and 
at times were not even working. Where sufficient suction ducts 
were in operation the effects of exhaust ventilation on the 
various-sized particles could be tested and as would be expected 
it was clearly shown that in addition to lessening total dust it 
removed a portion of smaller, more dangerous particles. 

In general, dust may be prevented or lessened by removal 
at the source as indicated above, by substitutions of wet for 
dry processes, by frequent vacuum cleaning or wet sweeping 
and by increasing relative humidity. In numerous cases dust- 
generating processes can be entirely enclosed in specially venti- 
lated drums, boxes or rooms, so as to allow no dust to escape 
into the factory. Where dust can not be prevented dusty proc- 
esses should be conducted in separate rooms and, especially if 
the dust is poisonous or very irritating, workers may wear 
masks or dust helmets. Almost always there can be found some 
way to protect the workers from excessive dust and such means 
will be more generally employed when such investigations as 
these prove more definitely the harmfulness or relative harm- 
lessness of specific dusts and processes. 
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THE BANANA 


THE BANANA: A FOOD OF EXCEPTIONAL 
VALUE 


By PROFESSOR SAMUEL C. PRESCOTT 


PROFESSOR OF INDUSTRIAL MICROBIOLOGY, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 


ry HE banana of commerce is the fruit of various species of 
| Musa, a plant which develops abundantly throughout the 
whole tropical zone. Many species of Musa are known, dif- 
fering in size and character, and their fruits likewise show 
differences in size, appearance and flavor. Various common 
names are given to the different varieties, such as red bananas, 
yellow bananas, apple banana, date banana, ladyfinger, etc. 
The banana found principally in the American market is the 
fruit of the Musa sapientum, of which there are a large number 
of varieties, the most common being the Gros Michel banana. 
The plants and their fruits differ considerably in appearance 
and actual composition, according to the environmental condi- 
tions of soil, climate and other geographical and geological 
features. 

The banana constitutes the chief carbohydrate food, in fact 
the principal food of enormous numbers of people in many parts 
of the tropics, thus taking the place of cereals and tubers, such 
as wheat, rye, barley and potatoes, in the food relations of the 
temperate zone. Careful computations have been made by 
numerous authors showing that the actual amount of food ma- 
terial produced per acre in the cultivation of bananas exceeds 
that of wheat or any other crop. The banana is therefore to 
be considered not as a luxury but+«as a very important staple 
in the food supply of the world. From this point of view it 
deserves much higher consideration than it has hitherto been 
accorded. 

Since the edible portion is surrounded by a thick enveloping 
skin it is effectively protected against the attacks of bacteria, 
moulds and other agencies of decomposition, therefore if the 
skin is unbroken it may always be eaten with the assurance of 
its sanitary quality and freedom from dirt or objectionable 
material. 

THE COMPOSITION OF THE BANANA 

Many analyses of the banana have been made by different 

investigators. Since we are especially interested in the Ameri- 
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can banana, it is probable that the average of the American 
analyses may best be quoted: Atwater and Bryant, working 
under the auspices of the U. S. Department of Agriculture, 
give the following figures, showing the analysis of the edible 
portion of the banana, U. S. Dept. of Agriculture, Bull. No. 28 
revised edition, 1906, p. 71: 
r, Per Cent Protein, Per Cent 

Minimum 16.3 1.0 

Maximum 6 1.6 

Average 5. 1.3 


Ash, Per Cent per 
Minimum 6.3 5 330 
Maximum 29.8 1.1 640 
Average 2. 8 460 
The banana as purchased contains, of course, a large amount 

of inedible material, the skin, which amounts approximately to 

35 per cent. of the total weight. Since, however, bananas are 

ordinarily not purchased by weight, but by number, this does 

not enter into the general question of either cost or food value. 

The ash of the banana is principally made up of the phosphates, 

sulphates and chlorides of potash, soda, magnesia and lime, al! 

of which serve useful purposes in the body economy. It is thus 
seen that the banana contains all the classes of food materials 
required for the animal body, although the amount of protein 
and fat are too low in proportion to the carbohydrate to con- 
stitute a perfectly balanced ration. The combination of ba- 

nana with milk in proper proportion, or its utilization as a 

vegetable to supplement a diet containing a small amount of 

meat will produce a ration which is ample to take care of the 
body needs. 


COMPARISON OF BANANA AND POTATO AND OTHER FOODS 


A comparison of the banana with the potato is of particular 
interest. Again quoting from the carefully made tables of 
Atwater and Bryant, page 68 of Bull. No. 28, above mentioned, 
we have the following figures: 


Potato, Per Cent anana, Per ¢ 
‘ 


5.E 
Protein i 1.3 
Total carbohydrate, including fiber 22.0 
8 


CNS OO, dion v caces sewers eweanwen 460 


It is thus seen that considering the edible portion, the ba- 
nana approximates very closely the potato in analysis and ex- 





THE BANANA 
ceeds it by about 20 per cent. in its fuel or food value. Without 
giving the detailed figures of analyses, it may be of interest to 
compare the food value of the banana with that of a variety of 
other foods which we have come to regard as almost indispen- 
sable in a properly regulated dietary. The following table 
from Bulletin No. 28, mentioned above, shows the calorific 
value per pound of edible portion, except as otherwise noted, of 
some of these foods, the average result being used in each case 
for comparison : 


Banana 

Spinach 

Squash 

Green peas 
Onions 
Parsnips 
Cabbage 

Green corn 
Fresh lima 
Macaroni, cooked ......... 
Boiled oatmeal 
Asparagus 
String beans .. 


Clams, raw 

Lobster 

Oysters, solids as 

Scallops 

Haddock 

Flounder 

Halibut, as purchased 
Bluefish 

Chicken, broilers, edible portion 
Pickled tripe 

Round steak, very lean 
Round steak, medium fat .. 
Milk, whole, as purchased 
Apples 

Cherries 

Figs 


A casual survey of this table shows that the banana exceeds 
in real food value many foods of different classes which are in 
almost daily use, such as whole milk, boiled oatmeal, shellfish 
and other fish, and fresh vegetables. Comparison of the food 
value of bananas and meats, as for example, round steak, 
should not be made without calling attention to the fact that 
the type of food is different in the two classes. Meats are 
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essentially protein foods and as such are more adapted to the 
development of tissue than to the quick production of heat. 
while the banana, on the other hand, is less a tissue-forming 
substance but is incomparably more effective in supplying the 
heat-giving materials. In a crude way we might say that th 
proteins are the foods which make good the losses due to wear 
and tear in the machinery of the body, while the carbohydrates 
are the foods which keep the machinery in motion and do work. 
From this standpoint it is seen therefore that the banana, be- 
cause of its higher carbohydrate content along with a certain 
amount of protein, would be a more useful all-round food than 
a pure meat diet in which the amount of carbohydrate is nil. 
A comparison with medium round steak, for example, shows in 
the edible portion in each case 65.5 per cent. water for the steak 
as against 75.3 for the banana, and protein content 20.3 for the 
meat and a fat of 13.6 per cent. as against the figures for the 
same constituents of the banana. On the other hand, the meat 
possesses no carbohydrate, whereas the banana has 22 per cent. 
From the standpoint of the consumer the fairest method of 
comparison between these facts would be in noting the cost 
in cents per calories of fuel value obtained. At the present 
market price of meats the advantage is distinctly in favor of 
the banana. A similar comparison with fish is not without 
interest. Taking haddock as a food-fish now largely used, we 
purchase with each pound of fish approximately twelve ounces 
of water, that is to say, the haddock contains approximately 
81 per cent. to 82 per cent. of water as against 75.3 per cent. 
in the banana. The fish shows a larger proportion of protein, 
but the fat content, however, is less than in the banana and 
there is no carbohydrate, wheras, as we have seen, the banana, 
is rich in this quick-acting, heat-giving substance. From the 
standpoint of calories, therefore, the banana exceeds the com- 
mon food-fish considerably and from the standpoint of real 
costs the odds are greatly in favor of the fruit. If we compare 
the food value and cost of potatoes and bananas at the present 
retail price, $1.00 per peck and 25 cents to 30 cents per dozen, 
respectively, we shall find that of these two substances which 
are essentially similar in their analyses, there is a decided ad- 
vantage in favor of the banana. At present prices, April, 1917, 
when purchasing bananas, one cent will buy 65.9 calories on 
the average, while in buying potatoes this sum secures 46.6 
calories—a 40 per cent. difference in favor of the tropical fruit. 
In this connection it is perhaps well to call the attention to the 
fact that the banana can be cooked in a variety of ways and 
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may replace the potato admirably. It may be baked, boiled, 
fried, served as chips, or “ French fried,” and in all these ways 
is an excellent and highly nutritious article of food. For use 
as a vegetable in the ways just mentioned, it is found of advan- 
tage to use fruit which has not reached the state of full-ripeness 
as the starch content is then greatest and the sugars less, while 
for desserts and for eating in the natural state the rich sugary 
fruit is more acceptable. 

Bulletin No. 7 of the Bureau of Public Health Education of 
the New York Dept. of Health, issued February, 1917, says: 


The onion, like most green vegetables, is of value in the diet chiefly 
for the mineral salts which it contains. It is these and not its protein tha 
make it a valuable addition to bread and meat. Bread and cereals a1 
meat are described by the chemist as having an excess of acid-formins 
over base-forming mineral matters. Green vegetables and fruits are of 
the opposite character, having an excess of base-forming minerals. A 
proper balance of these two classes of minerals in the diet is essential to 
health. There is danger at the present time, when vegetables are unusu- 
ally costly, that the health of the community may suffer from a deficiency 
of base-forming minerals in the diet. It is important, therefore, to call 
attention to the fact that apples, bananas and oranges, which have not 
greatly advanced in price, may be used as substitutes for vegetables 
They contain the same mineral matters in varying proportions. Apples, 
bananas and oranges all surpass onions in their excess of base-forming 
minerals. On Saturday, February 24, a member of the Home Economics 
department of Hunter College investigated the prices of fruits and vege- 
tables on the upper east side of Manhattan. A few of the prices, with 
some other facts, are given below: 


Avg. Per Avg. Cost per Food Units per 
’ 


Cost Cent. lb. Edible Ib. « 

° Refuse Portion Portion 

Bananas 0. 35 $.054 460 
Cooking apples ...... . 25 05 290 
Small oranges .0! 27 .0635 240 
Onions lf 10 165 220 

It is therefore evident that these fruits are all cheaper than onions. 


Edible 


It is also clear that on the basis of food value, the banana is 
nearly a third cheaper. 

An analysis made in the laboratory of the writer gave the 
following results: 

ANALYSIS OF BANANA ASH 

Silica 

Lime 

Iron oxide 

Phosphoric acid 


Sulphur trioxide 
Chlorine 
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That is, the ash is largely made up of the base-formin; 
salts, the carbonates, phosphates, chlorides and sulphates 
potash, soda and magnesia. 

Below will be found a table, which has been prepared { 
analyses shown in Bulletin No. 28, previously referred to, and 
from the data accumulated by Professor H. C. Sherman, 
Columbia University, and other authentic sources, where 
shown the analysis of a number of foods both of animal 
vegetable origin and their comparative calorific value based 
present prices. The costs per pound have been obtained as a 
result of a number of actual purchases made at retail in New 
York City and are therefore reliable. 


THE NUTRITIVE RATIO 


The nutritive ratio shown in the table may require a slight 
amount of explanation. This is based on the fundamental fact 
that proteins, carbohydrates and fats supply the actual food 
material to the body. Of these, protein alone is nitrogenous 
material, while fats and carbohydrate contain no nitrogen. 
Nutritive ratio really expresses the relation between the energy 
derived from the nitrogenous food and that derived from 
the non-nitrogenous nutrients and is determined by a com 
putation of the calorific value of the proteins as compared 
with fats and carbohydrates. Since the fats have a heat 
giving value which is approximately 214 times that of either 
carbohydrates or protein, the energy relation of nitrogenous 
to non-nitrogenous material is not an exact expression of 
the percentages of protein and non-protein, but of the fuel or 
power-producing value. The figures in the table therefore 
represent the real amount of energy derived from the total car- 
bohydrate and fat calories as compared with the energy derived 
from the protein. 

In this connection it should be explained, as suggested earlier, 
that the nitrogenous and non-nitrogenous foods serve somewhat 
different purposes in the body economy, since the nitrogenous 
foods are mainly for the repair of tissue, while the non-nitroge- 
nous ones are for the development of power (energy). For 
this reason it is undesirable and uneconomical to have too much 
protein. Only the nitrogen actually needed for repair and 
building of tissue is utilized, the remainder being excreted. 
There is no storage against a future shortage as in the case of 
fat. Therefore in a properly balanced diet the amount of pro- 
tein food should not ordinarily exceed 15 per cent. of the total 
fuel used. Moreover, the actual amount of fuel used varies 
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with age and occupation. Those doing hard manual labor need 
more energy and consequently more food. Growing children 
burn their food rapidly and need more protein in proportion to 
the total] than do adults. 

The general relation of foods to the body needs as well as 
their relative cost based on calorific value is well expressed in 
the following quotation from the bulletin on “ Food: Fuel for 
the Human Engine,” prepared by the recognized expert, Dr. 
Eugene Lyman Fisk, and issued by the Life Extension Institute 
of New York during the present year (pp. 5-6) 

There are three main groups of fuel foods: Here they ar 
cost per calorie, i. e., those giving the most energy for the n 
the list. 


Starchy Foods Sugars 


Bananas Sugar 

Cornmeal Corn syrup 

Hominy 

Broken rice 

Oatmeal ] 

Flour Most Fruits 

Rice 

Macaroni 

Spaghetti 

Cornstarch 

Dried lima beans 

Split peas, yellow 

Dried navy beans 

Bread 

Potatoes 

About 85 per cent. of the fuel should come from this group, 
and sugars least. 


starchy foods in largest amounts, fats next sus 
oal, while cereal 


starchy foods and sugars are almost pure fuel, like « 
also contain some building and regulating material. 

The same bulletin, presenting a table of the raw materials 
in common use in the order of their cost per pound, places ba- 
nanas at the bottom of the list, 7. e., the cheapest food. 

THE HIGH-POWER FUEL 

The banana is not only a higher-power fuel for the body, but 
it is also rich in the desirable salts. The onion has long been 
considered a valuable food adjunct because of its mineral salts. 
The banana is even more valuable. 

A little known commodity in America is banana flour, but in 
view of the shortage of materials it is one which should be 
seriously considered. The fully grown, but unripe banana, is 
the source as it is desired to obtain the carbohydrate in the 
form of starch before it goes over to soluble sugar. The peeled 
fruit is dried and ground, the water content is removed to 
approximately 15 per cent. and during this process the other 
ingredients are concentrated. 
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According to the eminent English dietetic expert, Dr. Robert 
Hutchinson in “ Food and the Principles of Dietetics,” we find: 


A sample of such a flour had the following percentage composition: 


| Carbohy- 
i 


Moisture Moisture Proteid Fat 
drates 


3anana flour 3. 4.0 0.5 80.0 


Wheat flour 7.9 1.4 76.4 


I have placed alongside of it the composition of good wheat flour, 
compared with which the banana meal is rich in carbohydrates and min- 
eral matter, but very poor in proteid. If rice, on the other hand, had 
been taken for comparison, it would have been found that banana fiour 
was about equal to it in nutritious value. 


The Lancet, February, 1900, in a discussion of the banana as 
food says: 

For some reason not yet explained, the starch of the banana is much 
more digestible than are the cereal starches, besides which the fruit con- 
tains a notable proportion of nitrogenous material. 

In a later article (The Lancet, October 17, 1903), this j 
nal states: 

There can be no doubt of the nutritious character of banana flour, and 
the starch in it is peculiarly easy of solution and digestion in the alkea!in 
digestive juices of the body. Banana flour is readily dissolved, for exam 
ple, by the saliva. 

Dr. Hutchinson also calls attention in “ Food and Dietetics” 
to the fact that dried bananas compare favorably with dried 
figs in nutritive value. 

During the recent rise in the cost of foodstuffs, Dr. Graham 
Lusk, at the request of the New York State Board of Health, 
compiled a low-cost meatless dietary of high efficiency value. 
In speaking of this he said: 


Potatoes with their valuable alkaline salts had to be excluded from the 
diet because of their prohibitive price. 


It is noted, however, that sliced bananas and sugar appear as a 
component of luncheon or supper. Many articles have ap- 
peared during the past ten years pointing out the high food 
value and the wholesomeness of this fruit. 

The complaint is sometimes made that uncooked bananas 
are indigestible. Making a careful study of the subject, it is 
found that this statement is only partly true and should be 
modified to read that “ uncooked, unripe bananas may be indi- 


1 Science, Vol. XLV., April 13, 1917. 
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gestible,” for all evidence shows that the thoroughly ripened 
banana is not only digestible, but it is one of the easiest foods 
to digest in the whole dietary. Dr. Arnold Lorand of Carlsbad 
states that “as far as their digestibility is concerned I have 
personally noted that when eating a perfectly ripe banana it 
almost melts in the mouth when simply turned over several 
times without any actual mastication and only a few string 
fibers in the middle of the fruit will remain. In this way two 
or three large bananas may be eaten without there being any 
feeling of discomfort in the stomach. Of course bananas are 
only thus digestible when quite ripe; those still somewhat green 
are less so, especially when they feel hard on the outside, 
although when very well masticated they are easily dissolved.” 
As a matter of fact, many people assume that when a banana 
begins to show brown or black spots on the skin it is past the 
period of ripeness, whereas it is approaching the point when it 
may be regarded as perfectly ripe. 

Comparative studies on the length of time required 
foods entering the stomach to be digested and passed on to the 
intestinal tract, have been published by numerous investiga- 
tors. One which has stood the test of time shows the followin; 
figures: 


Foods 
Ripe bananas 
Oatmeal 
Beans 
Cabbage 
Onions 
Green peas 
Boiled potatoes 
Tomato 
Turnips 
Vegetable marrow 
Boiled beef 
Roast beef 
Roast mutton 
Roast pork 
Soft boiled eggs 
Boiled fowl 
Codfish 
Mackerel 


Oranges 





This table shows that of all these common foods the banana 
is the most readily digested. This is explainable by the fact 
which was previously mentioned, that in the mouth during the 
process of mastication the carbohydrate is largely transformed 
into assimilable sugar and the further process of transforma- 
tion in the stomach requires but a relatively short time. A 
neal of steak and potatoes would be seen, according to the table 
given, to occupy approximately three and one half hours for the 
digestive changes of the mouth and stomach to take place, 
whereas the ripe banana fruit would be digested and ready for 
absorption in half that time. It has already been shown that 
the banana is actually richer in nutrients per pound of material 
than the common food-fish or the common food vegetab! 
The table just cited above shows that it also is a more easily 
digested food than fish or vegetables, requiring a shorter time 
period for the digestive fluids to act in order to bring it into 
usable form. 


GENERAL CONCLUSIONS 


| 


The statements which have preceded should not fail to make 
it clear that in a period like the present when we are facing 
a general shortage of cereal and other carbohydrate food we 
may turn to the banana as one possible solution of our difficulty. 


The fact that bananas may be obtained in abundance through- 
out the year, that they may be shipped for long distances under 
suitable conditions without being impaired in any way, that 
they may be used either as a fruit or as a vegetable, cooked or 
raw, in their normal form or dried or powdered, shows clearly 
that in this remarkable fruit we have an adjunct to our dietary 
which should not be underestimated. Used in connection with 
dried beans or peas or with dairy products such as milk and 
cheese or with the lean meat, it serves perfectly to secure a 
properly balanced ration. ‘ 

It is practically the only food which during the last two 
years has not shown a marked increase in price and to-day will 
stand comparison with any food upon the market on the basis 
of caloric costs. Everything points to its continued favor not 
merely as the “poor man’s fruit” as it has sometimes been 
called, but as a staple food for universal use, and it is to be 
hoped that it will be employed in continually increasing amounts 
whether as a substitute for other foods which have become pro- 
hibitive in price or because of its own inherent quality. 
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S AND EXPECTATIONS OF RESEARCH 
ON FISHERY PROBLEMS 


By Dr. PHILIP H. MITCHELL 


U. S. BUREAU OF FISHERIES AND BROWN UNIVERSITY 


ry NO speak of calories in the days before this war was to be 
T outlawed as a conversationalist. Now the word is in 
the vocabulary of every housewife and even at the club or 
hotel you may hear men grumbling that they are fed on calories 
With equal certainty we note the popular adoption of the scien- 
tific lingo of the engineer, the chemist and the statistician. 
In strenuous war times the people turn to science with renewed 
interest and confidence. They even submit humbly and ex- 
pectantly to scientific dictation. It is hard to imagine th 
American public in peace times submitting to the admonition, 
“Eat more fish instead of meat,” no matter how many statis- 
ticians might recommend it. Yet that slogan is warmly re- 
ceived now. Sometimes the public confidence in the victorious 
power of science is almost pathetic, as in the case of a hope for 
a submarine panacea. In the Utopian republic respect and con- 
fidence toward science would be based on knowledge of its 
power and progress and neither distrust nor overconfidence 
would hamper the usefulness of scientific results. That happy 
state does not exist, so that science should still take pains to 
make clear to the laity why research has produced and will pro- 
duce results of benefit to humanity. During this wave of sym- 
pathy with science it is timely to show the justification for the 
expenditure of government funds and private endowments for 
scientific research and to state some of the needs for the future. 
Results and hopes of any one of our large and productive 
laboratories in state or endowed universities or in research 
institutions would alone give a fitting exposition of the human 
usefulness of research. With equal propriety one might choose 
the work of any or all of our government bureaus. My own 
experience gives me opportunity to know some of the results 
and aims of the United States Bureau of Fisheries. The de- 
scription of the scientific work does not pretend to completeness 
or any sort of cataloguing, but merely to presentation of a 
background for the suggestion of possible lines of future effort. 
There is no intent to imply that the Bureau has announced its 
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purpose to pursue the problems here stated. They are merely 
the problems which through conference with various members 
of the bureau’s staff and through my own researches have come 
to my attention. They are taken from all portions of the field 
of biology. 

General biological surveys and intensive observations of 
the flora and fauna of waters in restricted areas have proved 
their usefulness. Of course much of the work of that character 
has served to locate fishing grounds. In some cases an abun- 
dance of fish of certain species not previously used could be 
pointed out. For example, the biological surveys of the conti- 
nental shelf of our Atlantic seacoast revealed the presence of 
tilefish. Subsequent observations, extending over a period of 
years, made it possible to record their catastrophic decrease in 
numbers followed by their slow increase, so that when fisher- 
men were persuaded to go after tilefish abundant schools were 
found at once. Within two years after the first shipload of 
tilefish was brought into port the supply in the markets of New 
York and Boston amounted to nine millions pounds annually. 
This constitutes a real addition to our food supplies. Biological 
surveys show so great an abundance of the species, extending 
over so large a habitat that fishing activities are not likely to 
deplete them. Barring unpredictable circumstances tilefish 
should be a staple commodity in our markets. Similar results 
may be expected from surveys locating beds of sea-mussels. 
Though treated as a great delicacy by European culinary art 
the mussel has not been appreciated here. A demand, stimu- 
lated chiefly through the efforts of the Bureau of Fisheries, is 
being created. Extensive beds located in many of our coastal 
waters are being mapped out. They could yield a satisfactory 
supply. If this knowledge were used to good advantage by the 
shell-fisheries industry another important addition to our food 
resources would be made. At this time, when clam digging has 
in sO many communities been worked almost to the extinction 
of the clam and when the oyster industry is complaining that 
many of their most productive waters are no longer available 
for oyster culture because of pollution, we must find some 
means of increasing our supply of edible shell-fish. While ef- 
forts are directed toward the development of improved methods 
of clam and oyster culture, we must also avail ourselves of the 
ocean’s munificent supply of sea-mussels. A slightly different 
type of useful result is seen in the introduction of the manufac- 
ture of ornamental “artificial ferns” from marine hydroids. 
A knowledge of the location of these growths made it possible 
to build up a considerable industry. 
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These three examples are selected from many which might 
show the value of biologic: ; rine 
investigations. As a matter of fact, the vast resources of th 
ocean have scarcely been touched. The more we can know 
about them the better shall we make use of them. Some of t!] 
specific problems of this type that are awaiting investigation 
include the determination of the causes of fish migration, of th 
abundance of certain species during certain years, of the scar- 
city of some species during longer or shorter periods over areas 
sometimes very large. Why should mackerel be so marvelous): 
abundant for a few years during the ’80s and then be compara- 
tively scarce for nearly thirty years, reappearing again in huge 
schools all along our New England coast? Similar variations 
in the abundance of many of our common fishes are on record. 
We ought to know whether they are due to changes in food 
supply, to meteorological conditions, to fluctuations in ocean 
currents, to fish diseases, to variations in the suitability of 
breeding conditions, or to other causes. Extensive ocean- 
ographic observations, especially biological surveys, including 
a study of the ultimate sources of the food of fishes and the 
distribution of many species at different seasons must be made. 
Since the higher forms live at the expense of the lower ones 
explanations of the food supply of fishes must include a study 
of the microscopic life of the sea. It seems probable that bac- 
teria and diatoms, those minute vegetative forms so generally 
abundant, are really the ultimate feeders for life in the sea. 
It is perhaps difficult for the casual observer to realize that 
filtering specimens of sea water day after day and month after 
month would yield material important in determining the mi- 
grations of fishes, but such observations to show the distribu- 
tion of diatoms will in all probability help to solve the question 
of the distribution of all life in the sea. Not only the micro- 
scopic plants, but seaweeds, seem to possess fundamental 'm- 
portance in maintaining a supply of nutrition for marine fauna 
To what extent the various common seaweeds play a significant 
role in what might be called the metabolism of the sea, remains 
to be determined. 

Even compared to such general biological survey work, in- 
tensive studies in comparative anatomy and morphology have 
also yielded and will continue to yield significant results. Con- 
sider, for example, the importance of studies on the life his- 
tory of the oyster. They have made possible the development 
of modern methods of oyster culture, an industry more highly 
developed in America than in any other country. Much re- 
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zains to be done to fill the gaps in our formation. 
ditions are responsible for the failure to obtain during certain 
seasons a “set” of young oysters? Why were seed oysters on 
abundant in certain localities which do not now produce tl] 
To what extent do oysters lend themselves to artificia 
ing, so that the present occasional discouraging failures in the 
seed crop may be obviated? These are still among the unsolved 
problems of oyster culture now receiving earnest attention. It 
would not have been possible to attack them unless knowledge 
of the morphology and life history of the oyster were far ad- 
vanced. Similar information on the developmental history of 
the clams and mussels is available. Its application to clam cul- 
ture is just beginning and will no doubt become more impor- 
tant in the not distant future. The cultivation of sea-mussels 
is still an unknown art but when they are known for the 
delectable food they are, sea-mussel growing may also become 
an applied science. The story of the fresh-water mussel, how it 
is reproduced, how it becomes parasitic on the gills of certain 
species of fish, and while growing there is transported to a new 
habitat, how it then drops off, becomes “ planted” and develops 
to furnish an article of great commercial value as the basis of 
the pearl button industry—all this constitutes one of the most 
interesting chapters in biology. It is a striking instance of the 
development and application of morphological investigation. 
Further work on the optimum conditions for reproduction, on 
the kinds of fishes which may serve as hosts during the para- 
sitic period, and on other similar problems is going forward. 

The developmental history of the lobster has been of equally 
striking use. A knowledge of the different molting stages 
through which the young lobsters pass made possible the devis- 
ing of special cultural methods for rearing lobsters to a stage at 
which they are able to escape their,enemies, hide beneath rocks, 
and, in short, take care of themselves. Artificially hatched 
lobsters reared to this stage may be liberated with some hope 
that thereby the depleted supply of this table luxury will be 
increased. Such researches on invertebrates, interesting as 
they are, seem small in the importance of their food productive 
results alongside the embryological and anatomical studies of 
food fishes. These are the basis of all fresh- and salt-water 
hatchery work. Future extensions of such activities will re- 
quire amplification of our knowledge of the developmental his- 
tory of many species. 

Studies in fish pathology contribute their share to the suc- 


, 


cess of fisheries. Here perhaps in better measure than else- 
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where are shown unexpected application of research supposed 
to be in pure science without practical usefulness. Long- 
continued observations on the occurrence of various species of 
parasites in a number of common food fishes made it possible 
to distinguish the harmlessness to human beings of certain of 
the parasites. When, therefore, health authorities of the city 
of New York, alarmed at the discovery of parasites in butter- 
fish, seized so many of them in the fish markets that an esti- 
mated loss of $30,000 occurred within three days, the bureau 
was able to furnish decisive information. The parasites had 
been proved to be harmless and to have been present in a large 
proportion of butterfish as examined over a period of many 
years. The sale of these fish was therefore continued and a 
large food loss prevented. This is one instance. Other similar 
cases have occurred. A complete knowledge of the parasitology 
of fishes is desirable from the standpoint of safeguarding 
human food, but the application of this knowledge should not 
stop there. Fish pathology should be able to furnish informa- 
tion helpful in the work of increasing our supply of fish. It has 
been shown that some loss of food fishes certainly occurs as the 
result of parasitism and other fish diseases. The cure and 
prevention of infections in a number of kinds of fishes, notably 
those, like trout, occurring in limited bodies of water, has been 
possible. An almost unlimited field remains to be developed 
here for marine fishes. We have little idea as to what extent 
disease is a cause.of their depletion. The nature and the preva- 
lence of such diseases, the life histories of parasites, whether 
bacterial, protozoan or of other nature, must be worked out 
much more fully than has been done to date. With such infor- 
mation available it is to be hoped that means of control might 
be devised. 

The work which the biochemist may do for the solution of 
fishery problems covers a varied field. The metabolism of 
aquatic forms has received some attention. The application of 
that knowledge to the maintenance of proper nutrition in fishes 
artificially reared and of suitable oxygen supplies in the water 
of fish hatcheries has been useful. If this country is to adopt, 
as prudence strongly advises, a more extended custom of rear- 
ing fish domestically in small ponds all the problems relating 
to the most economical and effective methods of nourishing fish 
in confined waters must receive more attention than they have 
had. The need of information about the physiology of nutrition 
of a specific aquatic form has already been emphasized. I refer 
to the oyster. It was formerly possible to obtain oysters in a 
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vell-nourished condition, the so-called “fat” oysters, so as to 
supply the market adequately. The best nourishment for 
oysters, however, is found in those brackish waters around 
which growing population now tends to furnish pollution. 
Oyster beds have been forced further and further away in many 
localities from the best feeding grounds and successful oyster 
culture has become more difficult. Transplantation of stock to 
good feeding grounds has to be resorted to, the latter are over- 
crowded and the production of really well-nourished oysters is 
diminished. Oyster culture in certain European localities has 
come to the use of rapid, forced “ fattening” in small ponds. 
The most efficient application of any such method can only be 
based on a knowledge of many possible foods for the oyster and 
a well-developed study of its metabolism. Such investigations 
have been fostered by the bureau for some years and need to be 
further extended. Knowledge of the nutritional processes in a 
few marine organisms will throw at least some light on similar 
problems connected with others and surely the metabolic his- 
tories of all forms which may be artificially reared will have 
their practical significance. 

The work of the specialist in dietetics is required in fishery 
problems. Since the early work of Atwater on the composition 
of American food materials, including extensive studies of fish 
and shell-fish, very little has been done to determine the food 
value of fishery products. In recent years our ideas of real food 
requirements have been radically revised. We no longer speak 
merely of the protein requirements of the body. We distinguish 
relatively great differences in the food value of the proteins 
from different sources. These distinctions can best be made in 
accordance with technique now developed by elaborate and well- 
controlled feeding experiments. Food values, in short, have to 
be determined biologically. Almost no work of this sort has 
been carried on with the proteins of fish and shell-fish. We 
desire to avail ourselves as far as possible of the comparatively 
inexhaustible food resources in the ocean. Particularly do we 
hope to supplement our expensive proteins, replacing meats, in 
some measure at least, with fish. To what extent we should do 
that depends properly upon the relative food value for human 
beings of fish proteins compared with others. A similar prob- 
lem in nutrition is the vitamine content and the presence of 
various metabolism catalyzers in fishery products. It has been 
stated, though not yet perhaps entirely proved, that cooked 
foods no longer contain the so-called vitamines which might be 
present in the raw product. This idea together with the seem- 
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ingly established fact that vitamines are commonly present 
animal tissues has led to claims which need to be substantiate 
For example a more extended consumption of raw oysters ha 
been recommended. That this may be sound advice and tha 
we may thus healthfully increase our ingestion of vitamines js 
perhaps true, but it ought to be proved. Similar investigations 
of many foods await, to be sure, an attack, but for none of the 
would the usefulness of results seem more immediate than i: 
the case of fishery products. Nowhere else is there availab| 
so great a store of food from animal sources immediately an 
comparatively cheaply accessible. The tremendously valuab| 
work on the general nutritional value and limitations of som: 
of our great food staples, like the cereals and the dairy prod- 
ucts, as it has been carried on by certain of the physiologica 
laboratories of this country should soon be followed by similar 
studies on fish and shell-fish. 

Investigations in industrial chemistry occupy by no means 
a minor field among fishery problems. The manufacture of fish 
glue, the best methods for the preparation of fish fertilizers, 
the manufacture and industrial utilization of a great variety of 
fish oils, the preparation of potash and other potassium salts, 
of iodine and bromine from giant kelp and other sea-weeds ar 
among the well-known chemical engineering attainments con- 
cerned with marine products. In the present world-wide short- 
age of hides the utilization of various fish skins in the tanning 
industry has of late received considerable attention from the 
Bureau of Fisheries. Future developments of these efforts wil 
no doubt be observed with considerable interest. In this group 
of industrial problems, however, much remains to be accom- 
plished. One has only to observe the large amount of waste in 
the form of fish offal now discarded from the receiving docks 
of any fisheries establishment to realize that we have a long 
way to go before we reach true conservation. To what extent 
the organs of fishes may be capable of yielding internal secre- 
tions or other preparations of therapeutic value remains to be 
shown. Better salvage of fats and the preparation of fertiliz- 
ing material by more economical methods are perhaps to be de- 
veloped in the future. 

Appreciated only by those having the true research spirit is 
the fact that the more fundamental the research problem solved, 
the larger the number of practical difficulties solved by it. An) 
fool can see what a knowledge of the laws of electricity means to 
the modern world, but it took the genius of a Franklin to 
prophesy the importance of electrical research in its early days. 
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Countless illustrations of practical applications of scientific 
knowledge are brought forward to show how science is justified 
in dollars and cents even if one refuses to justify it on the plea 
of satisfying the thirst for knowledge. The so-called “ pure” 
scientist and the “ practical ”’ scientist no longer gibe each other. 
They have long since come to understand that the work of 
neither can attain its full significance for mankind without the 
other’s aid. It would probably be extremely difficult to find a 
man who would like to classify himself exclusively as either a 
“pure” or a “practical” scientist. Indeed no one experiment 
or group of experiments constituting a single research, if con- 
ceived and carried out by a sane mind, is likely to be entirely 
lacking in either general scientific interest or practical human 
value—if only you can see the interest and value! Unfortu- 
nately a large proportion of the world does not. When once 
convinced they applaud, but they still demand to be shown the 
connection between research and life. That a study of surface 
tensions in an oil emulsion should reveal a method for the suc- 
cessful preparation of a delicious food out of a material that 
would otherwise be wasted is not easy to believe. A long jump 
of the imagination is required unless the intermediate steps are 
explained. It is simple enough. When various researchers had 
shown that a trace of sodium soap increased, by its surface 
tension effects, the permeability of tissues to water, it was to 
be expected that a very dilute soda solution forming a trace of 
soap in desiccated fish would enable it to soak up water rapidly 
enough to make possible the preparation in any kitchen of a 
delicious dish out of a decidedly unappetizing dried fish. Rela- 
tionships of this kind as they appear out of a group of problems 
to one worker have been sketched in this paper. If one of the 
co-workers in every science laboratory or unit group of re- 
searchers would take the time and,trouble to at least state what 
they believe they have accomplished and what they hope to do 
there might be on record a reliable answer to the questions of 
the interested public. This is being increasingly done in these 
days of the progressive magazines, but even yet information is 
still obtained too often through an irresponsible newspaper 
reporter—the modern personification of old dame rumor. If 
this paper makes clearer to any one the problems confronting 
fisheries research, or if it induces any workers to cooperate in 
the solution of them, its object is attained. 
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THE DIAGNOSIS OF POTENTIAL NEUROSIS 


By Dr. JOHN J. B. MORGAN 


PRINCETON UNIVERSITY 


rWNHAT psychologists are alive to the need of the elimination of 
| the mentally unfit from those recruiting for militar) 
service is shown by the recent plan of the American Psycholog- 
ical Association to examine all the men by means of a compre- 
hensive set of mental tests before they are accepted. If the out- 
line is adopted and psychologists are set to work the next ques- 
tion will be the selection of some series of tests of proper diag- 
nostic value. In all probability intelligence tests will occupy 
a large part of the testing program, but there is one large group 
of individuals who should be eliminated that neither intelli- 
gence tests nor any physical examination would detect; namely, 
those who in a short time break down under the special strain 
that they are forced to undergo in active service. The number 
of such cases that have occurred make it exceedingly worth 
while to endeavor to detect such individuals before they are sent 
to the front. If discovered they could be given less strenuous 
work, but none the less important, they could be saved from 
mental disruption and the loss to the government would be ob- 
viated. 

It does not take a psychologist to know that resistance to 
mental strain is a variable quantity as are all other physiological! 
and psychological facts. Some individuals in the midst of a 
great amount of excitement can remain perfectly composed, 
seemingly impervious to the influences at work about them. 
Others are roused to react with greater vigor, but experience no 
apparent harm from their increased activity. Others are easily 
nettled by the slightest emotional excitement and recover but 
slowly and with difficulty. While we have no information on 
the characteristics of the individuals who are the first to suc- 
cumb mentally, it at least seems plausible that those who can 
adjust themselves with least ease to additional mental strain 
would fall into this group. The selection of these individuals 
might be made by a test which would subject them to unusual 
mental exertion or shock; those being regarded as potentially 
neurotic who are unable to meet the situation by proper adap- 
tations. This at least seems more hopeful than any classifica- 
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tion made on the basis of intelligence tests. Mental stability 
is by no means correlated with intelligence. 

We have shown in our work on sound distraction' that the 
most significant phenomenon that is evident in experiments de- 
signed to find the effect of environmental conditions upon 
psychophysical activity is the adaptation of the subject to the 
change in experimental conditions. If one shows no observ- 
able difference in his response to two situations, it is evidence 
that adaptation is perfect, not that the two situations are iden- 
tical, of equal complexity or equally desirable. If one manifests 
a difference in his response to two different situations, this dif- 
ference is not a measure of the difference between the situa- 
tions, nor a measure of how much they differ in their effect upon 
the subject; it is simply an indication of how far the change 
between the two situations is beyond his power of adaptation. 
The writer believes that this fact opens a promising method of 
showing individual differences in ability to meet exceptional 
situations, and is hopeful that some simple test along the line 
to be suggested later may be found to be useful in the present 
crisis. 

As a suggestive illustration of our point we will show the 
different ways in which the subjects responded to noise distrac- 
tion. The experiment consisted of giving an individual the 
task of responding to visually presented material by translating 
it through a series of codes and then reacting on the one of ten 
keys which the exposure and translation designated. Each re- 
sponse caused a new exposure so that the subject could work 
just as rapidly as he chose. After he had worked at this task 
for a period of twenty to thirty minutes loud noises were intro- 
duced, continued for some time and then stopped, the sitting 
ending with a period of about ten minutes of work in quiet. In 
another experiment the subject whs given the task of memoriz- 
ing paired-associates under both quiet and noisy conditions. 
In both experiments records were kept of the breathing of the 
subjects and of the amount of pressure they used in reacting 
upon the keys. A brief comparison of the various ways in 
which the individuals responded in the memory experiment is 
given in the original article and will not be treated further here. 
We will, however, make a comparison of the individuals in the 
discrimination reaction experiment. 

In this experiment there were twenty-one subjects whose 
records are available for our purpose. We have made a brief 

1 Archives of Psych., 1916, No. 35. 

2Am. Jour. of Psych., 1917, 28, 191-208. 
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of their records and present them in the table; the letters in the 
first column designating the subjects as given in the origina! 
monograph. The first column of figures gives the percentag: 
of increase or decrease in the time records of the subjects when 
the noises were first introduced; the second gives the percent- 
age of increase or decrease of the end of the noise period as 
compared with the beginning; the third gives a comparison of 
the time records after the noises stop with those in the latter 
end of the noise period. The next three columns give the per- 
centages of increase or decrease in the keep pressure records 
when the same periods are compared. A plus percentage indi- 


TABLE 


SHOWING THE PERCENTAGES OF INCREASE OR DECREASE IN TIME, KEY-PRES 
SURE AND RATIO OF THE BREATHING EXPIRATION TO THE INSPIRATION 
TIME DURING THE COURSE OF AN EXPERIMENTAL SITTING IN WHICH 
NOISES WERE INTRODUCED AS A DISTRACTION. A, first part of nois 
period compared with preceding quiet; B, last part of noise per 
compared with first part of noise period; C, quiet succeeding m 
compared with last part of noise period. 


Ch 
Re 
Pt 
Mi 
Ca 
De 
ili 
Kr 


la 


cates that the keys were pressed with greater vigor. The last 
three columns in the same way give comparisons of the breath- 
ing ratios. The breathing ratios were found by dividing the 
expiration time by the inspiration time; and indicate, we be- 
lieve, the extent to which the subjects articulated as tney 
worked. 
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Of the twenty-one individuals thirteen showed a loss in effi- 
ciency when the noises were first introduced, seven showed a 
gain and one no difference. Of the seven who manifested a 
gain in efficiency, six showed that they were in a state of greater 
muscular tension because they pressed the keys with greater 
ferce when the noises were introduced, and five of the seven 
showed by their breathing that they articulated to a greater ex- 
tent in the noisy period. Of the thirteen who showed a loss in 
efficiency all showed an increase in muscular tension, eight in- 
dicated greater articulation in the first part of the noisy period 
and ten in the latter part of the noisy period as compared with 
the first part. The second column of the table shows that only 
four do less in the latter part of the noisy period than in the 
first part, three of these being of the group who did better when 
the noises first came than they did in the quiet. Of these three 
(O, Cr, and Hi) O and Hi both pressed the keys harder and 
gave a higher breathing ratio. Cr pressed the keys progres- 
sively more lightly, but shows a strong initial articulation adap- 
tation. He evidently was not much excited by the situation, he 
did not become tense, but simply chose the means of adaptation 
that was of service in the situation and successfully met the 
conditions at hand. Sixteen improve in efficiency in the latter 


part of the noise period, and of these only four do not show less 
muscular tension at the same time, while eleven show an in- 


creased breathing ratio and five a decreased. Thethird columns 
of each group of records show that most individuals relax after 
the noises cease. Eleven individuals show a loss in efficiency, 
nineteen show less muscular tension, and eighteen a smaller 
breathing ratio, 7. e., less articulation. It is possible that in- 
ability to relax after a strain would serve as a valuable diag- 
nostic sign. It is perhaps no bad sign for one to be aroused by 
a situation, but if he can not adjyst himself to the return of 
normal conditions he is wasting valuable energy and may be 
more likely to break down under unusual situations. 

We have cited these cases to show the great variety of re- 
sponses that are manifested by university students. It is likely 
that none of these were of the type who could not withstand 
considerable mental strain ; academic training is in itself a good 
eliminating agent. In a random group of individuals it is cer- 
tain that we should get even greater variation in response. 

It may be thought that intelligence tests would serve the 
purpose we suggest since they aim to test an individual’s reac- 
tion to a more or less novel situation; and, as a novel situation 
would involve additional effort on the part of the subject tested, 
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if he could not exert this effort he would of course fail in th 
test. This is true in a measure, but in intelligence tests th 
emphasis is placed upon adjustment to the novel and not upo: 
the cost of the adjustment to the individual. An intelligence 
test might be of value as a task to be given the subject if 
measurement could be made of the amount of strain the solu- 
tion caused him and whether he recovered from the strain in a 
reasonable length of time. A measurement of the stress unde 
which one is working is a very difficult and uncertain affair. 
even in an elaborately controlled experiment, and would cer 
tainly not be practicable in the testing of recruits. A more 
hopeful method would seem to be along the line of making th: 
difference between two situations so vastly different in com- 
plexity that it would require a great effort in order to adapt 
oneself quickly to the one after having worked in the other. 
This would simply be an extreme of the situation offered in our 
distraction experiments. An individual who might react to a 
moderate change in the experimental setting with little or no 
loss in efficiency in the work at hand might, if the change was 
severe enough, show a great loss or even a breakdown. The 
selection of a task which would give an adequate record of 
efficiency and the creation of two experimental situations dif- 
fering greatly in their effect upon the task in hand would be the 
problems to be solved. They do not seem to be beyond solu- 
tion by any means. 

The accounts of the initiatory rites of savages and of earlier 
civilizations abound in methods of testing the powers of physio- 
logical endurance of the young men. They recognized that a 
body resistant to fatigue and strain was essential to their life 
of hunting and warfare. Those who could not meet the tests 
were not allowed to play the part of a man, but were given easier 
tasks. To-day physiological and medical examinations are 
made in order to select those with able bodies, but this war has 
demonstrated that a large part of the strain placed upon the 
soldier is mental. War is no longer a match of physiological! 
prowess, it is essentially a match of brain power. This makes 
it essential that we have a means of selecting the mentally 
hardy to take the leading parts in the conflict. Intelligence 
tests will probably play the réle in the mental examination that 
the physiological test does in the body examination. It is, how- 
ever, recognized that a medical examination is just as essential 
or more so than a physiological. If a man is infected with some 
disease he is eliminated; if he is incipiently or potentially a 
neurotic he should be eliminated with even greater care. At 
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present psychiatrists have no means of judging who can endure 
mental strain with impunity, and it seems an opportune time 
now to discover the means of making such a diagnosis. If no 
test can be used at present with enough confidence to make a 
selection of the recruits, tests that look promising could be made 
on all those examined and the records of those who succumb 
compared with the records of those who survive the strain. 
This would give data that would be valuable not only in war 
time, but also for use in vocational guidance in times of peace. 
In the event that such a procedure is adopted we trust that tests 
whose aim will be to eliminate those least able to adapt them- 
selves to situations of unusual mental strain will receive the 
attention that they deserve in the testing program. 
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THE PITTSBURGH MEETING OF 
THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT 

OF SCIENCE 

THE meetings of the American 

Association for the Advancement of 
and the 
affiliated 
December 


Science national scientific 


societies with it open at 
Pittsburgh on 
ful 
question of the advisability of holding 


time of 


Care- 
to the 


28. 


consideration was given 


scientific meetings in war. 
It was the judgment of the officers 
of the government consulted as well 
of scientific that such a 


meeting contribute in 


men 


as 
would impor- 
to 


preparation. A 


tant ways 1ational organization 


and great part of 
the sessions will be devoted to prob- 
th the 


directly concerned with 


of the 


lems 


prosecution war and with 
altered conditions at home due to 


the war. 
will also have its place on the pro- 
And should be, 


peace comes 


Research in pure science 


gram. this is as it 


for when great respon- 
sibility will be placed on the scien- 
tific men of the United States t 
maintain the leadership in investi 
gation which will probably have 
passed to us. 

The great industrial city in which 
the meeting is held typifies the im- 
portance of the applications of sci- 
ence in modern life, while the rapid 
development of its educational and 
scientific institutions fits this city for 
of men. The 
Carnegie Institute the Car- 
negie Technical Schools, the Univer- 
sity of Pittsburgh with the Mellon 
Institute, form center in 
Pittsburgh admirably suited to the 
simultaneous 
number of 
ganizations. 


The 


a meeting scientific 


and 


a civic 


meeting of a large 


separate scientific or- 


American Association held 


its regular summer meet 
1902 At that 


id bes n 


the last of 
ings in Pittsburgh in 
time the Carnegie Institute h: 


open seven The Schools of 


Applied 
founded 


years 


Science beer 


and the I 


Pittsburgh was a small 


with scattered buildings 
directorship of Dr. W. J 
1902 1917 


as in cnairmal 


local committee for the meeting: 


institute has enjoyed a rapid 


velopment. The School 
Science have been bui 


The Univ 


1908 ac il 


endowed. 
burgh in 
be run 


site and has 


the great group of bu 


the plans show: 


The Mellor 


Resear h, 


tions. 


based by 


Industrial 


ert Kennedy Duncan on a plan of 


industrial fellowships in chemistry 
method of edu 


new 


representing a 


cation and research, has about 


two years occupied its new 


erected as a part of the development 


of the university 


In the fifteen 


the course of 


since the previous Pittsburgh meet 


ing, the association has aeve lope d as 
rapidly as the scient 
of Pittsburgh At the 


1902, ther 


me the 


meeting in were about 
3.500 
at the 


some 


members, with a registration 
are 
the 


th 


twenty 


meeting of 455 Ther« 
14,000 


association, and there w 


now members of 
] meet W 
more than 


it at Pittsburgh 


national scientific societies which 


the asso 


have become affiliated with 
ciation. The meeting at Pittsburgh 
may not be as large as was the meet 


New 


there were some three to 


ing in York a year ago, when 


four thou 
sand scientific men in attendance, 
but the 


of more than usual interes 


programs will certainly be 
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The subject of the address of the 
retiring president Dr. Charles R. 
Van Hise, of the University of Wis- 
consin, will be on the “ Economic Ef- 
fects of the World War in the 
United States” and many of the 
discussions before the sections of the 
association and the special societies 
will be concerned with problems re- 
lating to the national emergency and 
with The 
addresses of the chairmen of the sec- 


national preparedness. 


tions are: 


Eisenhart. 
of 


SECTION A.—Luther P. 
The Kinematical Generation 
Surfaces. 

SECTION B.—Henry A. Bumstead. 
Present Tendencies in Theoretical 
Physics. 

SECTION C.—Julius Stieglitz. The 
Electron Theory of Valence and 
its Application to Problems of In- 
organic and Organic Chemistry. 

SECTION D.—Henry M. Howe. Some 
Needs of Engineering. 

SEcTION E.—Rollin D. 
The Educational Value 
ogy. 

Section F.—George H. Parker. An 
Underlying Principle in the Archi- 
tecture of the Nervous System. 

Section G.—C. Stuart Gager. The 
Near Future of Botany in Amer- 
ica. 

Section H.—Frederick W. Hodge. 
The Ancient Pueblo of Hawikuh. 

Section I.—Louis I. Dublin. The 
Significance of our ~ Declining 
Birth Rate. 

SEcTION K.—Edwin O. 
Food-borne Infections. 
SecTION L.—(Leonard P. Ayres ab- 

sent—no address. ) 

SEcTION M.—Whitman H. Jordan. 
The Future of Agricultural Edu- 
cation and Research in the United 
States. 


Salisbury. 
of Geol- 


Jordan. 


THE GEOLOGICAL WORK OF 
PRESIDENT CHARLES R. 


VAN HISE 


THE address of Dr. Charles R. 
Van Hise as president of the Amer- 
ican Association for the Advance- 
ment of Science is on an economic 
subject. Since his election to the 
presidency of the University of Wis- 
consin in 1903, he has devoted him- 
self largely to work in education and 
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in economics, not, however, neg; 
ing the 
which he had attained such high d 
tinction. 

Due to Dr. Van Hise’s early tra 
ing in chemistry and metallurgy, a: 
to his field work in pre-Cambrian rr 
gions, his dominant interest in ¢ 


geological researches 


ogy has been in its chemical 


physical phases. For many years |} 
was engaged in the detailed mappir 
of pre-Cambrian formations in 
Lake Superior country, during that 
time having published, with his ass 
ciates, seven monographs of 
United States 
His interest in correlation problen 
involved in 
led to a broader consideration of tix 
pre-Cambrian of the United States 
the results of which were broght 
gether in a pape 
(Archean and Algonkian) publishe 
in 1892, which was the first attempt 
to bring some order out of chaos i: 
this field. While the 


Geological Surv: 


Lake Superior surveys 


correlation 


correlations 


then proposed were based on neces 


sarily incomplete data, and hav 
been superceded in by late 
work, his contribution to the subject 
marked an important 
vance which has been the basis for 
great deal of the subsequent work o1 
correlation. 

Pre-Cambrian geology 
rable from structural geology, a1 
Van Hise’s development of the pri 
of structural geology, 
lished in connection with his pri 
ciples of pre-Cambrian_ geology 
(1896), has served as a text on this 
subject for many years. 

Closely involved in a study of th 
Lake Superior pre-Cambrian is th 
origin of the copper and iron ores 
to which subject Van Hise has mac 
many contributions. En 
larging his field studies of ores t 
cover the lead and zinc ores of th« 
Mississippi Valley and other 
through North America, he was in : 
position in 1901 to present a general 


part 


step in ad 


is Insepa 


ciples pub 


notable 


ores 


; 


discussion of the genesis of ore bod 
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s (“Some Principles controlling 
the Deposition of Ores,” Trans. Am. 
Inst. Min. Engrs.), in which he em- 
phasized the relationship of ore con- 
centration to the movement of ordi- 
nary ground waters, though recog- 
nizing other effective. 
While more studies 
modified his conclusions in some par- 
contribution to the 


agencies as 


recent have 


ticulars, his 


subject remains to-day as probably 


the best known presentation of this 
point of view. 
In connection 


the studies 


above mentioned, Van Hise found it 


with 


necessary to consider the problem of 
metamorphism of rocks, and out of 
this came his monograph on 
metamorphism, in which the subject 
was for the first time presented sys- 
intelligibly to the 

His broad outline 


great 


tematically and 
general geologist. 
of metamorphic 
and processes has been the basis for 


zones, conditions 


much of the development in meta- 


morphic geology which has 


ceeded since that time. 
In the fields of pre-Cambrian cor- 


pro- 


relation, genesis of ores, structural 
geology and metamorphic 
Van Hise’s contributions 
in each case distinctive in their sys 
tematic presentation and perspective. 
Even where 
known subject matter, his vigorous 
and comprehensive style brought the 
subject home in perspective 
that much of the subsequent work 
along these lines has been strongly 
influenced by his work. He drew his 
pictures with bold, lines, 
which challenged attention. Some 
of the salient features of his inves- 
tigations have been the classification 
of deformative processes on the basis 
of zones of rock fracture and rock 
flowage, the classification of meta- 
morphic processes on the basis of 
zones of katamorphism and ana- 
morphism, and the emphasis on the 
normal flowage of underground 
waters in connection with the con- 
centration of ores. Later studies in 


geology, 


have been 


previously 


treating 


such 


incisive 
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all 


certain 


have 
modifications of 


these subjects required 
the general 
Van Hise, 
their broad outlines they still 
the 


of these fields of geology, 


principles laid down by 
but in 
ations 


figure largely in investig 


and, 
where not fully accepted, their influ 


even 


ence is felt in the impetus they have 


given to advancement of knowledg« 


in these fields. 


THE COAL SITUATION IN 
UNITED STATES 


THE 


AT the 
fuel situation 
attention of 


present time, when 


forces itself upon 


every one, any aiscu 
sion of the coal problem that 
the the 


satisfactory affairs 


into causes of present 
should 
Such a 


a bulletin 


state of 
receive a careful hearing 
discussion is to be found in 
by Chester G. Gilbert, 
“Coal Products: An Object 
in Resource Administration,” 
published by the United States Na 
tional Museum and constituting the 
third paper of the ‘The 
Mineral Industries of the Unit 
States,” in course of issue by 

of Mineral 
this institution. 


entitled, 
Lesson 


just 


series, 


Division rechnology of 

The author points out the magni 
tude of the the 
United States dependency 
of their 
proper development with more 


resources of 
the 


welfare 


coal 

and 
national upon 
Yet 
coal than is found in any other coun 
try, or indeed on any other conti 
nent, this country has long been de 
pendent upon 
such essential products made from 


foreign sources for 


coal as dyestuffs, fixed nitrogen, and 


many important drugs; and is to 


the 
uncertain 


the 
home can be 

The 
faced 
these shortages as phases of a single 
problem, but 
alarmed at the dye shortage, then 
the 


day, with first pinch war 


stress, whether fuel 


needs of the American 
met during the coming month. 


American public has never 


has first become 


over nitrogen dearth, and now 
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shiver in anticipation of a meagre 
fuel supply. 

To explain the present coal short- 
age by transportation congestion or 
labor difficulties is to offer a super- 
These dilemmas of 
course are the concrete means 
through which the trouble makes 
itself felt, but back of them stretches 
a far-reaching failure to work out a 
for America’s 
greatest resource. The trouble is 
not that insufficient coal is mined 
and transported, but that the pres- 
ent output is inadequately used. 
Our could made to 
third further in meeting the nation’s 


ficial cause. 


proper development 


coal be go a 
needs. 

Progress in coal utilization de- 
pends fundamentally upon the pro- 
duction of more coke. At present 
the situation is limited by the needs 
of the iron industry. The quantity 
and type of coke thus far produced 
has been determined by its metal- 
lurgical use. Sporadic attempts to 
apply metallurgical coke to house- 
hold purposes have met with failure 
and placed coke in an unfavorable 
light. Coke must be made of such 
kind as to be suitable for domestic 
use. This can be done; and the ac- 
complishment is an urgent necessity. 
Domestic coke, in reality, will be 
artificial anthracite. 

There room in our industrial 
system for a greatly changed utili- 
zation of coal; in short, for “coal” to 
be used in the form of anthracite, arti- 
ficial anthracite (domestic coke and 
steam-engine coke), metallurgical 
coke, gas for illuminating and power 
purposes, benzol for automobile en- 
gines, and at the same time made to 
yield a sufficiency of nitrogen, dye- 
stuffs, and other coal- 
product chemicals. There is present 
need for all these products. The 
problem is to make the necessary re- 
adjustments, such as may be done 
through the development of domestic 
coke, the application of coal-gas to 
power-plants, the adaptation of 


is 


explosives 


SCIENTIFIC 


MONTHLY 

benzol to automobile engines, and s 
When this is accomplished, th: 
fuel efficiency of our coal supply w 


on 
25 per cent. greater, transporta 
tion difficulties for domestic fuel wil] 
and addition th 
country will be cultivating a w 


be 


be lessened, in 
range of industries, giving employ 
ment to labor the part 
now wasted of our most important 
single These by-product 
industries out of proper 
coal development will serve to re! 
der the nation industrially indeper 
ent in a 
agriculture, pharmacy, photography, 
textiles, disinfectants, 
refrigeration, 
water-proofing, 
and in 
requirements. 

Such an attainment will requirs 


and using 
resource. 
growing 


great many essentials 
explosive s, 

painting, paving, 

wood preservation, 


an ever-widening circle of 


long process of organized adjusting 
It can not be legislated into exist 
ence. It matter wherein th 
government take the lead by 
shaping a suitable economic policy 
It is particularly a matter wherein 
enlightened public opinion can con 
tribute by appreciating the situatior 
and directing action toward proper 
industrial coordination and growth 
The solution of the whole 
problem, in short, does not consist ir 


is a 


can 


coal 


cutting down industrial activities 
meet present coal output, nor in cir 
of economk 


misdirection of 


cumscribing the scale 
life fit 
coal resources, but 
toward an industrial situation 
will both permit and demand a wide 
spread treatment of bituminous coal 
so as to yield on the one hand a 
smokeless fuel, an artificial anthra 
cite so to speak, suitable alike for 
the home and the factory; and on 
the a host of by-products es- 
sential to the industries of the na- 
tion. 


to present 
working 


that 


lies in 


other 


at 
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WE record with regret the death 
of Dr. Franklin P. Mall, professor 








Professor of Mathematics 
Paris Academy of Sciences 
who have given 
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of anatomy in the Johns Hopkins 
University and director of the de- 
partment of embryology of the Car- 
negie Institution; of Dr. Richard 
Weil, professor of experimental 
medicine in Cornell Medical College; 
of Professor Edward Hull, F.R.S., 
late director of the Geological Sur- 
vey of Ireland; of Mr. W. Dud- 
dell, F.R.S., the electrical engineer, 
and of Professor C. E. Bertrand, the 
plant-anatomist and paleobotanist of 
Lille. 


Sir J. J. THOMSON has been nomi- 
nated by the council of the Royal 
Society for reelection as president. 
Dr. William Gilson Farlow, professor 
of botany at Harvard University,has 
been elected a corresponding mem- 
ber of the French Academy of Sci- 
ences.—The anniversary address of 
the New York Academy of Medicine 
was delivered on November 15 by 
Dr. Henry Fairfield Osborn, LL.D., 
president of the American Museum 


of Natural History, on “ The orig 
and nature of life.” 


A SPECIAL board of chemists to jr 
vestigate explosives, the uses 
gases in warfare and to act as ad 
visers to the Bureau of Mines, has 
been appointed. The board wi 
study the problem of increasing th: 
production of materials used in e) 
plosives manufacture and will ad 
vise the bureau in the operation 
the recently enacted law regulatin; 
the sale of explosives. The members 
are: Dr. William H. Nichols, of th 
General Chemical Company, New 
York, chairman; Professor H. P 
Talbot, head of the chemical depart 
ment of the Massachusetts Institut: 
of Technology; William Hoskins, of 
Chicago, a consulting chemist; Pro 
fessor H. P. Venable, of the Univer 
sity of North Carolina; Professor EF 
C. Franklin, of Stanford University, 
and Dr. Charles L. Parsons, of th 
Bureau of Mines. 





